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method for evaluating and measuring the performance cf

-

aircraft naintenance technicians in the United States Air

oy

Force. This evaluation method is to be used in another
research effort to develop a model cor models for rcredicting
or evalua*ting the effectiveness of maintenance technician
perfaormance.

The performance appraisal method developed in this

study is based on a review of the literature on the subjsct.

A literature review has been necessary, as existing apyraisal

methods either are not applicable to statistical analysis,

are highly inflated, or provide incomplete and non-current
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coverage of maintenance organizations. The performance
avpraisal method developed relies on subjective suczervisor

aporaisals of maintenance technician juantity and guali<ty

of performance.

An evaluation of the performance appraisal method

has been conducted within the aircraft maintenance organi:zation

—
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\7of one pilot training base. The random sanzle consists 5%

207% of the assizned technicians., Thirtye-six suczervisory
grouvs of five or fewer technicians cer group have been
selected and fourd to represent the organization as a whole
in terms of experience and relative manning., Quality of
performance ratings have a mean value of 7.2 (median of 8.0)
on a 10.0 scale, while quantity of performance ratings have
a mean value of 6.6 (median of 7.0).

The quality of performance dzta shows only marginal
correlation with axistinz personnel inspection data. The
verformance ra*ings 2s a whole, however, display superior
face validity and usefulness comrared to existing personnel

inspection data. —
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A3STRACT

Joel R, Hickman, Arizona State University, December,

1979, Air Force Maintenance Technician Performance Measure-

ment. Major Professor: Hewitt H. Young, Ph.D.

The purpose of this study was to find or develop some
method for evaluating and measuring the performance of
aircraft maintenance technicians in the United States Air
Force. This evaluation method was then to be used in another
research effort to develop a model or models for predicting
or evaluating the effectiveness of maintenance technician
performance.

The performance appraisal metnod developed in this
stﬁdy was based on a review of the literature on the subject.
A literature review was necessary, as existing aprraisal
methods either were not applicable to statistical analysis,
were higzhly inflated, or provided incomplete and non-current
coverage of maintenance organizations. The performance
appraisal method developed relied on subjective supervisor
aprraisals of maintenance technician quantity and quality
of performance.,

An evaluation of the performance appraisal method was
conducted within the aircraft maintenance organization of
one pilot training base. The randiom sample for the evalua-
tion consisted of 20% of the assigned technicians. Thirty-

six supervisory groups of five or fewer technicians per
iii
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group were selected and found to represent the orzanization
as a wholes in terms of experience zand relative tranch man-
ning. The resultant quality of performance ratings had a
mean value of 7.2 (median of %.0) ona 10,0 scale, while Q
quantity of performance ratings had a mean value of 6.5
(median of 7.0). These skewed results presented potential
difficulties for regression modeling and for the comparison
of distributions. However, these difficulties were overcome
for regression moieling, while the gquantity and quality
distributions were found to be significantly different,

The quality of performance data showed only marginal
correlation with existing personnel inspection data. 1In
addition, the use of numbered gradations on the performance
appraisal scales resulted in performance histograms which
were not useable in most non-varametric tests and which
reduced the power »f parametric tests for comrarisons. The
performance ratings as a whole, however, displayed superior
fzce validity and usefulness compared to existing personnel

inspection data.
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Chapter 1
INTRODUCTION

One of the greatest needs of managers of the military
weapons system maintenance complex is to measure accurately
how well individuals perform on the job., Individual job
performance forms one of the bases for performance by the
entire organization., If the effectiveness of weapons syszem
maintenance is to be imoroved, then individuzl vperformarice
must also bte measurzble and sudject o0 imorovement. As
stated by Cumminegs and 3chwab {(1973:5%5), in general “*hs
measurement and assessnent of human performance is crucial
to effective utilization in orier to orovide the bazis for
feedback in*o the input-processing and inpui-convsrsisn
stazes,.,.." of the organizaticnal control process,

quantifying job effectiveness is, however, difficult,
Campbell et al, (1970:101) feel that "Quantifying job
effectiveness has been industrial psychology's major dugaboo
since its inception.® Decades of research by psychologists
and personnel experts have failed to provide definitive
answers to the guestion of how to measure performance or

effectiveness. Air Force Manual 56«1 (AFN 6¢&~1), Volume I,

Maintenance Manacement (1975:A3-2), allows that the measures

of personnel performance form the basis for capability
predictions. These measures are, however, difficult %o

assess and subject to a number of variables. As a

e . » . LA e Qlarly s




substitute for personnel performance measures, overall
maintenance support to the unit’'s mission is assessed. 3uch
an apvroach is justifiable given the thirty thousand tasks
reported by Wiley (1978:5) that Air Force maintenance rter-
forms, Existing official supervisor ratings (e.g., Airmen
Performance Ratings) do not serve the performance measure-
ment purpose either as they are general in nature, are not
svecifically related to tasks and jobs, are highly inflated,
and do not discriminate among individuals.,

This study considers the available rating tecnnijues,
recommends a particular rating technizue, and reporis on a

test of the recommended technigue. Chapter 2 will discuss

Test methodology will be provided in Chapter 3, Chapter 4
#ill revort on the analysis of tes®t results, and Chagsters

5 and 6 will contain an intervretation and a summary of inhe

v

test results.

Purrose

The purcose of this study is to find or develcp a
method for evaluating and measuring the performance of
aireraft maintenance technicians in the United States Air
Force. This evaluation method #ill ultimately be used as a
verformance measure of maintenance manpower effectiveness in
a research effort to develop a model or models for :redict-
ing and evaluating the effectiveness of maintenance techni-

cian performance (see Young;1978:15).
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The performance rating used must involve minimum
develooment time and cost. These limitations restrict the
approaches that can be used. The primary approach used here
is a review of published material dealing with performance,
with an emphasis on previous studiss of Air Force mainte-
nance activities. The recommended performance rating
method will then be tested.

Besides cost and time restrictions, any cverformance

evaluation method should meet the following criteria

1. 3e useful fcr descridbing performance %0 managze-

ment.

2, Be valid as a measurement of main%tenance tech-

rnician performance.

3., Be applicable to different tyces of cveriormance

tasks, such as repair, service, and preventive main-

tenance,

4L, Be applicable to both military and civilian em-

plovees of the Air Force.

5. Provide a performance measure throushout the

many levels of weapon systems maintenance.

6. Provide valid information for statistical analysis

in the form of normal performance distiributions with

constant variance,

These objectives impose severe restricticns on any
possible measurement system. However, satisfying such
restrictions is imperative if any research effort is to

provide an accurate analysis of the motivation and ability
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factors affecting performance, As Guion (1965:90) has
stated, "interest should be focused upon what is to be
predicted.”
In short, the purpose of this study is to answer the
following questions:
1. What is the best research method for evaluating
or measuring performance of aircraft maintenance
technicians in the United States Air Force?
2. Does this method for evalua<ting cr measuring
verformance orovide useful and valid statistical

data?

P—




Chapter 2
THEORETICAL PERFORMANCE MEASURES

This chapter deals with the available methods for
evaluating and measuring performance based on a review of
the literature, The following considerations will be
discussed:

1. Organization structure,.

2. Quality of ratines.

3. Performance criteria,

4, Aporaisal methods.

5. Rating scale errors,

6. Scale format,

7. The raters.

A suzgested rating scheme based on the above considerations

w1ll be provided at the conclusion of Charcter 2,

Oreganizaticn Structure

The Air Force maintenarce structure involves thou-
sands of personnel performing a vast variety of functions.
Thus, any performance measure must be applicable to differ-
ent orgzanizational levels, This is a difficult rejuirement
to sa-isfy, as McDonnell (197%) reports that there are
forty-five thousand Air Force members in the aircraft
maintenance field alone,

Maintenance is concerned with aircraft and missiles

S T [P . REVEIEN (WY FF. 7R COSRO N
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6
and is performed by military or civilian technicians of both
sexes, The three overall levels of maintenance orzanization
are known as base or organizational, intermediate, and
depot. Base level maintenance consists of inspecting,
servicing, and replacing parts. Intermediate level mainte-
nance is often indistinguishable from base level maintenance
and consists of calibrating or replacing damaged or unserv-
iceable parts, of modifying material, and of emergency
manufacturing of unavailanle parts. Depot level maintenance
augments stocks of serviceable material with more extensive
shop facilities and personnel of higher technical skill
level (usually civilian emzloyees). Althcuch the present
research will include cnly base level organizazicns, provi=-
sion must be included for making the rroposed performance
measurement technique applicsble %5 all levels for furth=sr
evaluation.

Further generality of the rating technique is man-
dated by the varied tasks performed by a base level mainte-
nance organization., A typical Air Force base with a mission
involving airecraft might include field maintenance (FMS),
organizational maintenance (0MS), avionics maintenance (a)S),
and munitions maintenance (¥MS) squadrons (see Figures 1,2,
3,4, and 5), Meister, Finley, and Thompson (1971), Foley
(1974), and Wiley (1973) have ccnsidered automatic flight
control maintenance performance in the AMS alone, while
Sauer, Campbell, and Potter (1977) dealt with Short Range

Attack Missile maintenance in the MMS alone. Enlarging the

N
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scope of a rerformance measurement tool to include rerair,
fabrication, and preventive maintenance personnel as w~ell

as flightline launch arnd recovery personnel, requires eicther

generalized rating scales applicable to many technician

specialties, or specific, noncomparable measures for each

[ I

specialty. Separate measures would, however, make any

analysis of overall performance within a squadron impossible.

The nature of the maintenance organization strongzly
favors the use of general individual performance measures.
Such measures would bz apvlicable to *he varied tasx«s and
functions for which the different technicians are resconsi-
ble., Since most maintenance is performed by teams of five %o
ten technicians working under one supervisor, the sucervisor
could evaluate his personnel if a zeoneral, subjective per-
formance measure were to be used. Thus due to the structure,
size, and complexity of the Air Force maintenance system,
the present research effort must use a new, subjective, and

generalized performance measurement system.

Qualily of Ratings

A performance measure is successful, according to
Barrett (1966:12), only if it meets three standards:

It must be acceptable to the peopnle wh»> use ity i+
must cover what is important and only what is imgortant;
and a systematic examination of the results of ratings
must show that they are reasonably free from important
defects.
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Acceptability ?

The performance data which will evantually v¢ us2i -

§ d.

develop perfermance effectiveness models must be 22ceste
by maintenance managers and evaluators as well as rssearch ’
personnel. The easiest way to zzain accentance miznt te =¢

use existing measures such as Airmen Performance
{APRs) or Merit Ratines for civilian personnel. Hcowevar,

“hese measures are used fcr the administrztive purccsss of

o

t
Lo

(@]

1

]

D

)

)]

3

¥

3

)

oromotion and wags adminisiraticn, and n

mizht be advisadles %0 so0licit the ¢ _inizsrns 2f moarnazars oo

using surveyrys or limited accepntance tests as %2 “rivari-g

utility. 4an alternative to either using axisting m z-.r-3
or soliciting manager ovinlons 2as %o accsctatilicy o1 ¢
to develop critericn-referenced test measurses, & 2rizirisn-

referenced test measures what an irndividual can dc¢, <z =iz,
compared to what he must be able to do, or must xnow, in

order to complete a taskX sucecessfully (Glaser zni Jitxo,

——

12713 Swezey and rfearlstein, 1%75;., ZSuch [rizerion-
Ieferenced Job Taszx Performance Tests (JIFT, were axoeris~ -
tally develozed by Foley (1374} for elecironic mainsanani:
tasks after much *time and effort. Zuch objective %:37%s

. .

migzht trove to b2 more acceptable than subt
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judgments, such as supervisors' ratings.

Relevance

Acceotance is not enough; a measurse that omits
essentials or gives weizht to trivia is defective., 3arrett
(1968) f=221s that a clear statement of the objiectives cf the
ratings is the first step, while Guion (1995) believes thzt
the first stev is a judgment of the importance of the concect
ceing develoned, 3oth authors agree that the second s=ep is

a clear statement of wnat the job reguires and tne 1inis c¢f

pecints cus, cunctuzlitr may ce important in an zutomataed

offioca wnere e2ach nerzon's rerformance affec*ts nis neizrnors
I.1C02 wrnere 22cCnh oJergon s periornance 21ects ni nelzno ,

\ .

bu*t it is unrelated to the success of a docr-to-door

In deciding whether a ratinz is relevant, it is

[
N

helzful to check it against standards described by 2roszden
and Taylor (1950). The three defects they identilly are

deficiency, contamination, and distortion,

Deficiency. This defect results if the measure of
performance lacrs any elements necessary to zive adsguate
coverage, Rating or ranking of "overall performance" gives
the illusion that everything is included while, in fazs,
raters may have different ccncepts of job elements and
different ideas of what constitutes successful performance,
Cummings and Schwa® (1973:45) also consider measurement

deficiency to exist if emnlovee productivity is accounted

-
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for by quantity of outout alone without also considerin

~
“"l'-?

quality of outgut,

-

Contamination. Lovpez (1968:211) feels that contam-

ination occurs when behavioral characteristics that are
unrelated to job performance are included in an evaluation
method, Such unrelated characteristics include "zelf-

confidence,"” "self-control," and “"personality.”

Distortion. Wnen several criteria are used 1o iefine
performance it is vossible to distort their imdor=ancs 3y
imcrover weighiing, Criteria which are not speciflic may

allew inclusion of dramatic or easily obgerved

Z
(1)
<
8
3

t

]
iy

E
- )

All of these defecis can be avoided wita careful
selecticn of the rerformance criteria %o 2z evaiuased.

Procedures for selecting such criteria will Se discussad

Performanze Criteria

ghe ideal topics for rating must oe beth imoortant
and ratable., As Barrett (1966:33) points out, these two
attributes do not necessarily go tozether, as some trivial
areas such'as rezularity of haircuts may te accurazely
rated while important concepts such as osuttut and gualitr
are harder to pin down.

In general, lLopez (1968:37) believes *hat

ot
C
&)
2
Loy
9
&1
)
8]
23
p)

refers to a scecific kind of human tehavior in a "syvs*em"
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environment and activityv. He feels that some employee
verformance evaluation procedures are designed to judze only
behavior, while others are desiegned to judge only results.
The first approach is too general and the second too narrow
because the prover object of the process is the evaluation
of the act of performing in terms of both results and
behavior.

Guion (1965:91-96) indicates that two types of
criteria can be used. These are objective measures of job
behavior and judement ratings. OCbjective or countable

measures of behavior can be grouped into two major cateco-

H4a "

riess production data and personnel data., "Producticn data

includes quantity and quality of outout, while "personnel

data" includes absence or accident rates.

Objective Measures

Attempts to use objective data in analyzing mainte-
rance performance were made by Sauer, Potter, and Campbell
(1977), Foley (1974), and Meister, Finley, and Thompson
(1971). Sauer, Zampbell, and Potter (1977:22) attempted to
use individual task performance for Short Range Attack
Missile (SHRAN) technicians through the Strategic Air
Command (SAC) Maintenance Standardization and Zvaluation
Program (MSZP). This provided information on technician
performance against standards for technical errors, safetly
errors, and reliability errors. Technician tasks, however,

are designed for ease of completion, which results in

T e o vy -
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very few errors and limited variability. These rerformance
measures are thus of limited value for compuiting the rela-
tionship between human resource factors and task perform-
ance,

leister, Finley, and Thompson (1971:31), utilized
observers to record the gerformance of technicians on a
very specific electronics maintenance task--autopilot
repair., Two types of performance variables were recorded:
those which were based on objective observation {(e.z.,
elazsed time, error freijuency, number of componen<ts removed
and replaced’, and thcse wnich were based on the subjective
judgment of the cbserver and the observel *tecnnician

(e.z., e€ficiency of performance, di“ficulty of tasx). The

\ e

B S

drawbacks of this method include the need to train observers

for particular maintenance functions and the lack of

relevance o7 the measures for service functions (e.z.,

refueling, canopy cleaning, etc.) performed oy Organizational

llfaintenance Squadron tersonnel,

Foley (1974) advocates the use of Criterion-Refer-
enced Job Task Performance Tests (JTPT). Ronan (197%)
reports that a Task Ferformance Test for firemen led to the
adoption of nine independent performance factors, which are
superior to peer and superviscry subjective evaluations.
Such systems are difficult, costly, and time-consuming to
develop, according to Obradovic (1379). No such rating
measures now exist for the many maintenance tasks performed

by Air Force technicians,




Subjective Measures

Subjectives ratings or judgments are relied upon by
management as criteria for validation studies, Guicn
(1965:96) reports that eighty-one per cent of validation

studies appearing in the Journal of Apvlied Psvchology

and Personnel Psvchologv between Jjanuary, 1950, and July,

1655, relied upon ratings.
According to Barrett (1966:33), rating scales are

concerned with three kinds of concepts: personality, Dpzr-

formance, and prcduct, Personality is the totzl of a perszcn's

3

characteristics. It includes emotional make-un, intellizs

b b
nac ¢

477

and what is commenly calied character., Farformanc
do with how an individual =zoces about deoing worx., Includza
are working hard, followinz instructions, planninzg, and
taking responsivility. Frecduct is a cerson's outzui., [he
auantity and quality of work are product,

The most pertinent of the three is oroduct. anaze-
ment is fundamentally interested in sales, groduction of
finished goods, and other factors that are visible and
inherently measurable, Product in some cases can be meas-
ured directly (objective measurement) and in other cases
it is necessary %o have a rater look at the product and
evaluate its quality. Yeasures of product often sufler Irom
jeficiency, as only part of an individual's ou*trut can te
measured in objective terms. They may also te ccntaminaczed,

since much of what is measured is beyond the indiviiual's

control; for example, product mav dbe the ocutput of man

ce,
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individuals, not one alone,

PRCTPRIPRS SR

Existing ratings of individuals employed 2y the Air ti
Force are of little value except for administrative purgsoses.
Airmen Performance Ratings (4PRs) are inflated, accordinz :c -
Callander (1979), and are of little value as a sinzls per-
formance measure. Civilian and military personnel arcraisals

are also privilegei information which are difficult tc zain
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If preduction is not availadle for evaluaticon
rater may evaluate now the emzlcyee goes ascut nls wirx

instead of what he troaduces, Thoush not a:
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measured as praducts, thase jot perfcecrmance charzcteris=ics W
are both ratable and important. Studies by 2arret: (1351) a

indicate that surervisors and subtordinates are guite =z2nei-

tive to performance, azree on tha relative imsortince of
performance traits, ant attach a areat deal o weisnt to the

verformance style usei on the job,

Most nebulocus, but frequently rated, is rerscnaliity.
Emzloyees are expected to be trustworthy, loyzl, nelzful, {

friendly, courteous, kind, and reverent. However, nc one

Y

knovs which of these characteristics contribute--and how

much they contribute--to job success. Indsed, zagreemsnt on
definitions of traits is much harder to reach than agsree-

ment on product or performance. 1

(¢

A survey of fifty merit rating olans by Habbe {1230/ |
shows that the element of personality, the mcst difficult zo0

rate, was the most widely used, [he ratinaz of product

B W
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(using Barrett's definition) was confined to guantiiy and

i quality of output. The findings are summarized in Table 1, %
Holley, Feild, and Barnett (1976:457) reported similar L

results on the frequency of catezory use. P

Table 1

Frequency of Rating Categcries (Habbe, 1356)

Category Freq, jategory reg.
Group 1: The Cld Standbys (FPrcduct)
wuantity of work Li %uality of werx i1

Group 2: Job Knowledge and Performance

Knowledge of job 25 Safety nabits 7
Attendance 14 Good houssakeeping 3
Punctuality 12

-

Group 3: Characteristics of the Individual (Ferscnalliv,

Cooperativeness 36 Initiative 27

-

Dependability 35 Intelligence

The major emphasis of ratines should be on the gred-

uct of an individual®’s effort in terms of what he or she
accomzlishes. When there are no products, pertormance iz
suzgested as being the next best level of abztracticn tc
deal with, while pure personality variablas have li=tle {7

any relevance to the performance measura2ment tasx.

Hollingworth (1%22:75) crovides evidence tnit s:cme traits

e b AL - e T

po




21
are more reliably measured than others, Cnly personality
; traits were studied and Table 2 summarizes the relative
‘»
E disagreement between judzes concerning traits.
E Table 2
E Amount of Disagreement Among Judges in ZIstimating
| the Traits of Others (Hollingworth, 1922)
!
| mrait Divergence Tra:t Divergzence
| Close Agreement
Efficiency 83 Fersevarance =3
Criginality 36 «ulcsness e
} Fair Agreenent
3readth Qb intensity R
Leadershivp a5 Reascnavlensss Y
)
r‘ D A e
Pcor Agreenment
i Courage 109 Integrity 117
Unselfishness 110 Cooperativeness 1173
The Best Traits

In this case it appears that subjective apcraisals
are most aovlicable., There are, however, many potential
traits that could be used. Lawier (172%7:371) indicates that
it is easy to err on the side of providiing too many traits
upon which to make ratings. Cunnette {(1263:252; points out

that the use of a single criterion is unrealistic,while
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Rush 113534230 indicates that between three and five criter-
izmn factors surface in factor-analysis studies, The
rstential size of a study covering Air Force maintenance

per‘a===nne mandatee the use of as few factors as possible.

Llawler (1967:371) indicates that one rating that
probably should be included is one on quality of job perform-
ance. When people are asked to make such general ratings on
quality they act in a very predictable way, as efficient
aporaisers of critical incident data from their observations
of an individual's performance in the past. Ine other traits
besides quality that should be used in performance analysis
are difficult to specify. They should be based on the
purvose of the study and on particular types of behavior
that characterize the important functions of the job., «Wiley
{1978323) included 7juantity of work, self-initiation, shar-
ing of knowledgze, and exceeding one's srare as additional
rating dimensions. In this study, quantity and guality of
outout are acplicable to all technician functions and are

of interest to management.

Apvraisal Methods

A wide variety of appraisal me*hocds has been developed,
The major apvpraisal methods come under four general headings:
(1) comparative procedures, (2) absolu<*e standiards, (3) man-

azement by objectives (MB0), and (4, direct indexes,

I N
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Comparative Procedures

Comparative procedures are freguently chrracterized
by two features., First, the evaluation is made by comparinz
one individual against another on the particular dimension
of interest. Second, this comparison is often made on a
zeneral dimension which attempts to m2asure an emrloyee's
cverall contridbution to the organization, Two porpuiar

comrarative procedures are straisght rankirg and caired

comrarison,
3trai~ht Rankirgy, In 3an a0ouraisal o2onTtaExT othr o evailu-
i%or i3 *woically ask:d to consider all of thn am lovacs o

roorest, ~Zummings and Schwab (1873:32, fzel tnzit <nis
rrocedure is natural for most evaluaiors, asg uecpie zr
frezyertly infarmally ranzed, 3arre<+t (12255:42 7 inzicatas
tha*t rankirz iz free ¢f leniency ani central “cniency Sus
“ho ability *o show relative serfcrmance bezwoen recile It
lost. Sauer, Zampbell, and Potter (1377, used a rarzin-

zrozedyre with a conversion to rnormalized percentiles -

describved by Guion (1754:181) tc analyze maintenance c-:rscr-
nel vcer‘ormance. This procedure is ~2zed ~» <no zy-nosziztion
that cerfirmance is normally dissrituesd sver oa o o.lz2%ion

samzle,

i)
N
|

f1ired Compariscns. This system rejulir-s nn:

atcr to comrtare each emnloyeae tC De ranxed wiih evaery ohor




employee, one at a time. An emnloyee's standing in the
final ranking is determined by the number of times ne or sne
is chosen over the other employees., This system can te

tedious and result in a large number of comparisons.

Absolute Standards

With appraisal systems using absolute standardc,
individuals are evaluated z2zainst one or severili written
standards., There zare two zenerzl avbsolute standardrs

methods, First, qualitative meinods, where tne evaluiter iz
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see nossesses certain oharaczeristics.

[
3
9}
2}
i)
b

Jualitative Me*hodas. <Jritical inciderts und Foroed

ohoirce 4are illustrative of aualitative me<nhods,  Flianasan

rater records »on 3 svecial form examiles ¢of sSutstandinslv
gcod and opoor performance n2n *tne vart of *tne Irdividual,
™Mis method is not useadble in this study as it wou'd provide
netulous resiits and be cumberscme *o eviluate wisn ~anv

mainterance technicians,

IS
(]
]
1
[
“
Ul

Forced choice cracedures involve a series
or clusters of s%ta*tements about 320D derRavior., The evaluiastir

is asrad *to 2hoose the item whizh is most lescri-tive 30 tn-

!
!
1
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appraisee, Travers (1951) notes that forced choice maxes it
difficult or impossible for a verson to control the guality
of the rating. The descriptivé statements of job behavior
"must be developed for each individual job, a procedure that

is also not useable in this research situation.

Quantitative Methods., Conventional rating procedures

and behaviorally anchored ratins procedures are examples of
quantitative methods. According to Locker znd Teel

{1977:246), conventional ratings constiiute the most zoctular

0

form of apvraisal technigques. =Xating scales generially have

ior., A continuous or discrete scale 1is estaplished for each

e

tem., Fisure 6 illustrates several scalinz procedures from

N

Zunminzs and Schwab (1973:20). Item 4 is scaled continuously:

Firure 6
Illustratiors of Conventicnal Razing 3Sczling Tcrmats
for a Single Item (Cummings and Schwab, 197}
Ltem Scaling Format

A Cverall job performance . \
Low Hizh

3 Overall job verfermance i R ¢ .
' 2 3 4 1 g

[ ]

Cverall job performance

(02 .
2]
*

1 i
low 3elow AV A
Aver, A

the evaluator places a check somewhere c¢cn the scale to

raepresent his assessment of the appraisee. 1%2m 3 nas a

numerical discrete scale although letters are sometimes used
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instead of numbers, Item C is also scaled discreetly wizh
adjectives. Discrets scales generally result in zreater
acreement amongst raters and hence are greferable to contin-
uous scales, accordine to Cummings and Schwab {(1973).
Yowever, the overall validity of rating scales has been
questioned. Bayroff, Haggerty, and Rundguist (1954:1C5)
concluded as a result of some extensive work on Army ratings
that "Ratings using different tyres of rating technigues
were nct markedly different in validityv." Their comparison

-

0f zravhic scales, forced choice, 2and a zcontrolled checkliist

with three criteria is srown in Tabla 3. It is sirnirizarns
Tatle 3
Validizty Coefficients for Grarchic Ratinz Scales and
Forced-Choice Secticons for Jarious Criteria
(Haggerty and Rundzuist, 13954)
Ratings Rank by class Zrliciency
Associates Standing Recorts
ohic Scale:
o erall*valiue .53 35 ol
Gravhic 3cale:
competence for
duty acssignment 3 W25 W10
Forced-choice pairs .41 .25 W13
Controlled checklist .44 .31 26

to ncte that ir Table Z ranking bty assocliates is a supserior
ariterion when compared with the vzlidizy of existing
performance measures such as class standins or efficlency

reoort scores, Furthermore, overall value grapvhic scales
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are superior to any other rating method investigated.

An alternztive quantitative rating method is the use

f behaviorally-anchored rating scales (3aRS). Millard,
Luthans, and Otteman (1976) feel that BARS may represent a
substantial improvement over traditional rzting approaches.
Three basic stevs are involved in BARS: (1) critical inci- ]
dents are used to determine job-related benaviors and imror-
tant verformance dimensions, (2) the job-related behaviors

identified in the critical incidents ars linxed with the

aporovriate cerformznce dimension, ani {3, significant
bvahavioral incidents are numerically scaled o 2 level of

rerformnance., BARS overcome two methodolcorsizal provl

]
E:J
ui

t

founi in convantional razin

3)%]

st 3ARS iderntify tne critical

<

item included in an assessmen= a2nd scale these critizal
items agsainst specified levels of perfcrmance. 32ARS are nox,

however, acvtlicable in this study as they require separate

scales for individual iob

a1

esponsinilities.

Management by Cbiectives

Management by Cbjectives (M3C) has been offered by
McGregor (1940) and others as an alternative to conventional
rating and employee comparison systems. Wikstrom (1368:2)
feels that MBO is based on two related concents: "(1) the
clearer the idea one has of what it is one is tryins 12 ’
accomplish, the greater the chances of accomplishing i%; and |
{2) progress can only be measured in terms of what onec is ‘

trying to make progress toward." MBO is primarily a
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develormental vrocedure for individuals rather than an

i evaluative one. AsS such, MB0O is not applicable to this

case,

i Direct Measures

All of the procedures described to this point require

that employee performance be evaluated or assessed by

N

socmeone. It is also sometimes possible to obtain informa-

il

tion about performance more directly without the necessity of

t1e performance behavior being filtered <throush the

Ko}

evaluative processes of an astralser,

s s . L - . .
For instance, it is sometimes possibls To measure tae

s
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productivity of an individual 41

}4

zenerally aimed at the auanzity (e.g., hourly un

outrut, monthly zross sales) or guality (<.z., percent units

Unfortunately, nc universal
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rejected,scraonpag
auality or suantity measures exist for Air Force mainte-
nance, Jhile gquantity measures could be develored using
industrial ergineering job standards, AFM 60-1, vol. 1,
(1975:1-7) mandates that standards be developed to evaluate
mechanics® performance in only certain recurring tasks.,
These certain recurring tasks are those which (1) consume

a large number of man-hours, (2) involve extremely nicgh cost
components, or (3) require a larze amount of eguirment or
downtime. This limited use of standards thus makes quantity
direct measures impossiple.

2uality control in %the Air Force is measured

'4
i3
m




29
subjective manner, since many maintenance tasks such as
refueling or preventative maintenance result in no product
subject to a rejection or scrap rate. Furthermore, the
personnel evalua;ions required by AFM 66-1, vol. 10,
(1977:4-11) are not completed for each individual on any
regular basis. In addition, no samcling procedures are
specified to ensure that a representative sample of the
technician population is evaluated. As Sauer, Campbell, and

Dotter (1977) discovered, even the results of Air Force

ty

It

evaluations are not useable in a2 statisticazl 2ralysis o
verformance du=2 %o the performance sccring mezhcds used and
the resultant nizh level of nerformance.

Direct mezasures, while the least zues*iorarle scurce
of verformance information, are simply nct available zs a
useable source for statistical analysis. Indeed, tne

existing quality control system makxes it difficult to ensure

that a sampla recresentative of mainternance technician

et

verformance can be obtained.

Suggested hethods

0f the arcraisal methods reviewed, the only apclicable
methods are straisht ranking (a comparative procedure) and
rating scales (a quantitative, absolute standard). 3oth
methods are bazed on subjective avoraisals of gperceived
verformance. The use of either method in apcraising perform-
ance is ogen %o discussion. GEvidence indicates %that the use

of two rating procedures in conjunction with each other




increases the accuracy of the final rating since the rater
is forced to carefully consider each apcraisee for tne firse
ratineg procedure before giving his final rating., Canmgbell,
Prien, and Brailey (19560:440) concluded that "Gracvhic scalss
following a [performance] checklist show nizher zcrarans
validities than the [performance] checklist 1alone}.“

Similar results have been found for graphic scales follewinz
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is suggested that in this study zrachic sczles follov a

forced straisht ranking ancraiszi. This should e acpiisuhls

for research znd vrovida rating sc2lie periormancs VRIUSS

3 A allep 4 At H e N
which are normally distributed and acceztacsis for soizistion:t

aralysis.

The use of ratings rests on the aszumstizn =nit 0
auman observer is a gcod instrumen<s of juanti chairvz
tion, i.e., that the observer is cazabie ¢ some terrse o7

orecision and some deares 0of ob

errors 40 arise in rating scalz use, hcwever, Tnessz 2rrors

(

include the error of leniency, the errcr of centrzl teniznay

andi the halo effect.

The Error of Ieniency

O0ften ratings tend %o cluster adcut a zoint 2% a2
favorable end of any scale used tc anpraisze terconnel, Ini:

is due to leniency on the part of annraisers, 3arrets




M
(1966:23) observes that often, when *he descriptive word

"average" is included on a scale, more tnan half ths apuvrais-

£

ees are given ratings above average. This is a logical
impossibility if these individuals are truly compared with
others in the organization. In order %o reduce errcrs ¢f
leniency, Guilford (1954:278) surrests eliminating the werd
"average" from any scale. According to 3ittner (1943),

additional wavs to reduce errors of leniency include the use

of ranking and the review of ratincs v severzl levels of

suzervisors, No zublishad werkx could e found concerrninc
tha effect of geer arprraisals on lenienczy.

Zrror of CZentral Tendency

As defined by Guion {1%65;9372), this error is markod
bv restricted variability around the center of the szala,
Raters ternd %o zut their ratings in the center of thz scale
when they are not entirely clear as %o the meanins of rz<incs
or when thay 40 not Xxnow the person they are rating., Zlour
definition of rating criteria and the use 0f immedizate sugar-
visors reduces *his oproblem. The use of a few descrictive
adiiectives in the miiile of thes scale also creates vroblams,
as appralisal distributions tend to be multimodal and non-
normal {(see Firure 7)., No published work could te fcund

whnich determined if central tandency merely reflzcts a

u

rormal distribution of appraisals over a scale.

As defined by Culon (175¢:99), halo ic the %senienrcy




‘ Figure 7

Response Distributions Based on Scale anchors
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ereral, overall impression that can
favcraple or unfavorable. Halc thus results in vositive
correliztion bBetween the traits that are rated., Halo mav bhe

educed by using a format progosed by Stevens and dcnderlic

ot

-
0
W

43 +trat calls for rating all aprraisees on cone tralts,
then ratinz tnem on the next trait, and soc on. ZGuilford
1954:272) also indica*es that cne trait per paze should be
usedi. Ranking methods, of course, eliminate the halo
effect.

In gzeneral, the above errors can be avoided by using
clear definitions of traits, by concentrating on a single
trait at a time, and by avoiding limited descriptiva adjec-
tives and words such as "average." It is not known i7 peer
reviaw deflates ratings (i.e.,, reduces lenienzy). It is

also not knowrn if central teniency errors simply reflect i

normal distributions of aprraisai ratings,




Scale Format

Once it is decided what should be rated and oy wnat
means, then this information has to be communicated to the
rater or raters so that they know what to do., This problem
of communication is critical to the success of any rating

scheme., All raters should rate using the same criteria for

the same purpose to producs useable results that reflsct tne

performance of individuals in the orsznizaticn., altacugn

several considerations related to scale duiliin-~ czin Imorove

ratinzs, Amons Theze considerations are rules I2r wrltinac

scales, rating standards, scale znzhors, ani tnz T~ oot T

rating szcales, All of these will Te gonzidosrad,

Qi1leg for Writinz 3enles

L‘)

Several authors have orovided riles Jor writirmzy soiloc,

Uhrorocs (17%1) nrovides a useful list of two *tnousind
scaledi itoms, Scome ¢f tne most imrertant orecsTts Lre il

Tollcus

1. ~Y””€”a ane, and only oSn2, tnousnt ‘n o Scuals,
2. Use words the rater unie-stands.,
1, Have the raters rate what*t they opserve, not waat
thev infer.
S, zliminate doudle necatives,
£, ._xpress :tnou~hts siacly ani claarly,
5. Xeep stateren<s internally consistent,
7., avoid universal terms sucn 153 211, 1.vs.o3, oL
S, 3tick tc =noe nrasent,
%, avoii varue zcncents.
la%in~s Staniards
The rater wiag Aig 2a0m (a2 crmed 3i01,97T0) @ 28 <nn q-

| e
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he is to rate is still not equipped to 4o an evaluation; he

must Xnow the s*aniards against which the rating s to be

made, These standards are based on the treviously discussed

cnsideration of the types 27 ratings, the curpose of tne

ratinzs, and the orsanizationzl setting in which iney

arrived 2t. To aid in providin:s a

ranswory for clearly
expressing one tnousht in a scale, Barrett (1906:77) cro-

vides three related standards against which performance is

.

renerally rated: c¢oOmrariscn with others, comrarison wilh fob
standards, znd comoarison with acsoalute standards, JoT ani
abgoluze standards 4o not 2xist for z2l:i tasxs reriormad Ty

Alr FTorase mainsenance technicizansg, a8 3 2Ingeiulnee, Tns

onlv availinie siz-dard is comvarison wizh osnhars.  n this
case the aooraisee is evaliuated In relation to otner reonis

in scsme srecifisd rroup. althousn any criup mas Ce 3reci-
fied, *he most rertirent is made ur of wcrvers on ths sare

iob or on a similzr ore, ouch cc-zarison (= made most alirecily
when *he rater is asked %7 ranz a rroup of em_.lcvees,

Scale Anchors

Scale ancnors are numzers, words, <r chrases usge2d %o
tell the rater *the siznificance of making wis ratine at a

Tavlor et al. (1%%8) found +rnat Tormats

iescriotions cof
it . v P} ~

hehavioral

eliabilisy to numerizally arznored

Hawever, a3 criticism zcommanly leveled at *rne use of benaviorzl
1egscristions such as "eaxcellent," “hirnly favarakblie,” "faip,”
and "ooor" is that tne werds 1o 2t have 3 2oHmmon menningg,

\
e L

e em s s
FP PO IS 9T, SO
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Py
careful work by Jones and Thurstone (1%35) ccntradicted thais
criticism and supported laylor's findings. [hev also dis-

covered that scales in which the end £oints are wider

zive more relianle results than do *10se in which <ha szread

is constricted. +‘hen only end anchors zars riven, thnere is
less errnasr at the extremes than at the central value,

For the ctresent study, a quality scale could be an-

chored with the zdiesctives "lowest" 2ni “nirhes+,” wvnils
suantity could use "slowest" aznd “Izstzest" 2s arncasrs. LG
intermeldiate scale dezeoriz=iors are avalilaclz for h= owils
varifety O7 mas 3 nerormsd Ty oLalr Torc2 MmNt onande nerIio-
=21, avcidias averarss gonle VAIUGS or An saner an b oy
vl avaid e rranlomg of multicmcial nerloreance discrili-
“i=n3, 28 shown in FTisure 7 osn oozfse 2.
T1e Farm o0f Rating 3n3ales
2xnsideranle asttention has o oan n3ili Tn o sxrerimercal
rgvecholamry to tme oroplems f 3c3lirns o Uind ozut oall ot
can he “earned abcut man as a4 measurins instrum=rt. LK AT -
fonce nas snawn that certaln rules are faveorable o 2ol
srannhic ratings, ouilford {1984:257) lis*ts -~ne $f:liawin-s
rules:
1. _Zach trait saould occupy a =are 57 itzell,
2, ™e line should te 2t least five inches lons, Dus
not much l:zneer,
3, "me lire shoulil have no tres: s »or iivisicr:z,
L, The "zocd"” or "nignh" ends 2f tne lines snoull .e
in tnhe same d1irecticn,
S. rFor unsophisticatel raters, <n2 "zc2d" cend Ul
be zlaced first.
5. Descrictive ~nhrases osr cuss sasulil 5e oincensr:s
a3 much as oossinle at toints,
7. «nd cues shoull not he 55 extrnme in mounirs tnal

»a




Y

"y

-

they will never be acvrlied,

8, Snd cues should be set 2t a little dis<ance *rom
the ends of the line.

O, 1In scorins, a stencil should bSe used tnat divid=ss
eacn line irto sections to which numericzl vilues
are assirned.

(&)

The number of steps in a scale varies, 3endis (12%4)

ments in ratings in which he found <hat

[ N

revorts on exvcer

-

satisgfactorily hish reliabilities were obtained on scales

pte

14

involvine three to nine levels, The Air Force currently uces

ten levels For airmen Terformance xatines, a form that all
~ilitary technicians are Faniliar wisth, Ine us=2 o ur to

P | -l - - - . , - A PO + 3 [ .
yno foela <hat rocerg oin magdae Tiner digtinctionsg vuaen oz
92122 2213 Yoy fudsing tha diTverences betvel2n THO o v2arle

trhan in ratine 2 cersgcn arzainst a standarid,

rster tre use ¢fY the term "averzse" as a riting, She =2z2:5i28t

ratinr t7 mage., O223i-numbered sgcaulss, on the otner aznid,

than anvy other x'nd. There is n» c¢crnclusive evidence wit
wnich to resolve the issue; the tresence .r absence of a
central 2oint when more *han five lavels are used crocadly

1ces nct ma-2 muzn i1

T avm ey s
Taersrce,

)

It thus az-ears tha*t the best scale format feor tnis
studv should follow *he rules listed by Uhrbtroc<s and Guil-
ford. Iha ratins s+tandards should b2 tased on conpariscns
th ctner techni

N
siid s

thin a rarticular maintenance

[S

2iaAns N

oo

N




sauadron, Usirns two adjactives *5 anchor tnz ends -f s2..25

far 2uality and juantity 2f -erformance a: raizal vhould serwv

o«
Bt

sevaral nurzoses: (1) the term "averaze”" woull 2 zvsidoed,

(2) senerality of the scile wvould e maintained o —aos 1 i

ot
~

aonlicable to manv maintenance activitiss, (3 T2 -<osclnili

snould he familiar to <ne raters jue tc the gimilisritr wish

A . P . iy e A -~ - - o~ ~ - N .
Airman Perdarmance “astinsz anil, singe lntarosrsonis zrr-
.. . . .
. - 2 P | 3 ~ - - - e - Ry
mance 13 neins prated, should allcow r o Uiner dloTicnTorg
P - - an Iqr e
nefwoaen cagchn_clians,

L} e H b4 - -~ ~ -

Jhere are Tive ozeoggible rnartiss -—nxt oan Iy <k ir-
craigivw~: (1} the suzerviscr.c: 3f <ne rcergorn 2 De arv-riinoa,
(DY N~ S va+ i ~2ar A L R R s B RG] T = - >

2) orzanizational teers of the zoirais-e, (¥ The iorvilc
3 A o Cof. Y 3 < + y ew P - o .~ sy
nimsel?, (%) sudordinases oY the ao raisse, ani .~ erco-s

outside tha immzdiate worz environment 07 tno a0 rilace, _i13n

of these zarties mi~ht be avuroonriate, dzutendins on na fur-

cose (e2ither evaluative or devel-mmental’ of tne z..rilcal
and the dimensions (either cutc¢-mes or nmetneds’ seinr az-

(@]
L)
(94
P
v

craised, This s=ud is zrimaril - corncerned wizta 2vilua

ouroose hased on ouicnnes,

Sunervisory aA~rraisal

There are two orimary iug-ificasians for terteri-s~ +ha

~ o : ' & - ‘e 5 2 N .
avcraisi) crocess o %the serformer's gioericr, Jro onloararany




LS

>f formal authorit, which exists in most HrrFanizat.  ns
lecitimizes t:.e right ¢¢ the surcerior to ~a-<e evilua-ive znd
develozmental decisisns concernings his sunoriinazss. . iner
(1953) and Vanzelst and Rerr {12353, nave sncwn tn:t ne super-
visor is +the perscn most emplovees want an! rooadle exrect

*o a1-rraise them. Thornton (1998) nus srown <rna®t surervisor
ratings are valid, while 3arrett (13442, nas sncocwn Tnem %o Te

reliabl2 17 c¢care is taxen to irain a:

e

1ccaTinie irnr:ieal form. 1D suservisors Y oalr Force
mairtanangs tz2hnicitans are used s roTerz, towever, 1 tralin-
ips swmocvam oop cevzon L auTeryisior 27 otne SoooertrlocrtoLn
rators v 213 e wactorcrczvry,  anlliz ZoTrainl TTTLrAN iy ¢
A3 eyl e 2and exrensive, Dersonzl fulervistiom 2T o TLiTor:s
Lrrosna wozoiroharg, alftner in onocroun o 2r o onoan indivvivolloou
vorpld cumeen S amiiznee fne 3ualicy o ratints 2l oty mase
trainin, unnec2czary, alcoridinges Yo T3 ior oand AT o B R S Y
ini%la, Dean, ani lirrell (1763° iadliracs =417 +acse riters

on the suczervisory level funcsinmally 21losest tc *ne riteog
are bH=2st abls to r2fte them. Zuzervissr ratincs iroe Thus
the mocst arclicable ratineg scneme availanle f2r rating ailr

“orce maintanance zerscnnel zerformance.,

According 1 Lawin znd Zwany (197%), ceer ratin-s navae
ne2n amdiriczll satwn to have nizh validit: in the reiinss
0¢ Aiverse future cerformance criiaria, Hcowever, CUTren Tee
not future--cerformance is 2f interest in trniz s3tuldy. .ur-

3 A < cy o N ery Yoy N N
fals nhave seldom ceen uzed or evaluation

W
)

thermore, Teer aoor




f -

Ty

-

1it

mi

$4

o
1i2]
~
jod
S
Q

23 Jvar suc

ovfa

$2

()
ot

42

R

N
[

ord

[
.0
o

..
.
.

ord

“rt

>

L

fel ')r"/ .
ToPyl sov -

s

* -
L
sy




1 s
Sy < P
L ot of -
o< 4 L (48
o .3 i &
9] o —1 ot
M er - S
42 F 3
i t )
~ [ a4 [N
A2 £3 £ of
W 2
m 3 @
t, LY £
T 19 o a1
a i mn m
r [ n 3
= D Q £ @
O (&) et a) £
£ <. 4] b,
S ] o af
13 —4 & i
¢ | « «f
$4 (s} [ (& n
[ G O ved
£ 4] G
0n » o e
4 22 ge! o
(0] <. m —
n Lo} [us] e [ON
o [4h] oy m
> | 9] n )] (&}
£ ot [l < [&]
[+F] Liz] O
§7- (V) ot + o)
B o +> n %
/] fuf Q
@ e, + o
[} Kol . o [0} o
2 +2 heey @ Q [+)]
[\ +2 £ 4 +>
I oA £ SO -
ksl £ Y] &} ol
QO « A [ ® I
£ Q [4)] £ £
£ - ] [\ o] 42
= Q £, €
[ n Gy (3]
| o +
. lo] a n
o= 2] 9] @ e
el |9 < | )]
73 [} o o
42 9] < 1]
U M Pt
£ +2 [&]
()] ord (@ (X
ol [ .t o]
<5 < o [))
4 4+ £ k4

=y

4F]
£
+ b)

~
cn

P
.orm

viduals per

indt

Nell

hov

erformance

f1,

3

RS

ot

il
el

W
P
AP
<
]_

«

i
od
4
(&1

A

D

£
4

Gu

Q

o
1 9
«

3eldicm reflect

and

4>
O
O
-t
G
aQ
|

-
naos

()
0t
Y

S vvew o

o

analysis arnd whic?

ot

o

rd

oo
Ke)

2lozcad,

‘

de

ae

-
3%

scneme mu




B

P .
cable to0 all levels of the main=zenince orsaniza<ion, (2, rnar=
!
hizh quality, us=2ful crizeria me2asures, (2, fave valid maa- §
sures, (4) be ‘ree of error, (5) have an =z2cecurite format, a0t
(6) be used by an apcropriate rater, In tae Tirs: inssin:e,
the size 9f the Air For-2e mainternance armanizatisn reauir=s
a measurement scheme 2apnlicavls to civilian 2and ~llizgar
4
technicians of all races zni sexas gerforming many Tis<s rans-
ing from servicing aircraft t0 razairing mizsile muit=na:
svstems, Yost mainitenance 27 znv trze g ~erformsi oo toumn
2F fivae to ten tachnicizns surervisaed 2y cne indiviiaal., o
*Aus 2nrcears *hat the oreanlization siructars and 3ize rozo- .
veriormance mezsures o renerial 2rit2ariiz such 22 1unaATLI L
3ualisys 0 rerformance bassd I 3uosotive zouraisails oo
immaiiate sucervicers.,
Secondly, any mew gerfarsine medsurs MusTt 22 3T alTno
quality, i.2., 1% must nave face vailidity, Jnis meszns naL-
it mizt H2 ancevtable to *ne g=2o3tle wnt uze 1T, =23 well i
baing relevant for manarement, ac2etiadilizyv 2ma oo 31o7:0-

B 33 S : fmd Y - st T wmm e a A
mined 2V using 1 me3asure SIimilar o s2Xisting menoures

surveying maintenance managenan®t Jersonnel concernings rer- -

S}
9]
D
y-
D
<
D
'L
(@)
™
LW}
o
[
i

€ormance by technicians., =xelevance can o=

(]

ing deficisncy, con*amination, and distorticn; avolidinzs
these crodlems lecends, To s:1me 2xXtenz, 2n wnat 13 .7

row 1% is rated, zni by whon,

19
)

MMirdiy, the performance ratin~ must nave va.'d 2:-
sures. Joofective ratinz criseria 2rz 3i~ L7 7ot zvilianle -

not useful to this s+tudy. Jierefore 3o 2271ive nriits or
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pie

criteria are the onlv ones being concsidered. Cf such sub-

jective traits, performance or oroduct c¢riteria apoear

ct

0 e
tne most valid accordings to existing literature corn the subject,
Aand of those catezories available, individual jualizy and
quantity of performance by *echnicians are the most acpli-

cable. These csncents are easy to

(9]

202

"y
@

in -zrsonnel, rro-

vide be*tter asgreement between raters, and vrovide information

usefual to management, In particular, guantity and zuality
of performince are easy to relzate to individual motivation ‘

Sy

scliute s*=ndard), 30%th methods are based :n sudizctive zgirai-
sal of -erceived verformance. Zvidence indicttes thzat the

N -~ myns - H - £ a1 2 ~~ & - L2 ~ P -
172 of zravhic scales fFollowine a force? raniing increasss

+*ne zocuracy of the ratings. This method shculd ce z.:licatls

for research in the tresen*® study ana should trovide rating

scale cerformance values which are normally distriouted anc
accentadble for statistical analysis.

Fifth, tne rating scale must have an accurate format,
The actual ratineg scale proposed by Tnls studv is dasisned

to minimize errors of leniency, of central tendancy, ani of
the halec effect., The guality and quantity of performance

anpraisal “orms proposed {Aappendices 3 and C) are z2dasted

from Sauer, Camnbeil, and Potier (1977)., The diractions have
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heen edited to confarm to Uhrbrock's (1961) rules for accraisal
forms, i.e., thousnts are exvoressed clearly and siw:ly, s%ate-

ters

Y

ments are internally‘consiStent, and words *hat the r
understand are used. To conform with Guilford's rules (1954,
each trait occupies a paze by itself, the scale line is five
inches long, and ten steps corresponding to increasing per-
formance compared to other technicians in a squadron are used
to provide an adequate spread of responses,

Finally, the verformance rating ~ust doe used by an
aporopriate rater. For thls study the use of immediate super-

visors as performance raters is the most zcrropriate tsachniiue.

[¢]

Personal supervisicn of sugervisors, eitn

®
2]

in a gFrouz or on
an individual »asis, serves to enhanze *the guality of ratinss
and to makXe itraining unnecessarv., It mizht also De agplicabile
tc have peers complete arvvraisals in an attempt to reduce roter
leniency.
In short, the suggested rating forms in Apoendices 3

and C are the best that can be developed nased on a review

f the literature concerning aprraisals and on the nature of
the Air Torce maintenance organization. These rating forms
have face validity, if previous research cinclusions are accep-
ted, It remains to be seen, however, if the susgested rating
forms actually io prove useful to maintenance manacement and
Ao orove %o he statisticallv valid as a measurenent of per-
formance., In anvy case, the suggested rating Jorms shoulid
crovide useful maintenance personnel performance iata for use

in developing a model which accurately explains the contri-




4h
bution of individual motivation and ability to Air Force

maintermance. ;
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Chapter 3

METHODOLOGY

This chapter deals with the procedure used to test
the recommended performance measures of quantity ani guality.
In addition to the test utilizing maintenance personnel at
Williams AF3, Arizona, 2 small, independent survey was

distributed to determine the opinicns of several maintenance

]

. -
. s ey o
s of the rerlormance

[0}

manazZers at other bases on the usefulne
measures.

The follewing topics will e ¢

O
23
[0}

1. The dzta gathering instruments.
2. The sample selection procedures,

3. The specific data collection zroacedure

&)

4. The plans for analysis of the data,

a2’}

A discussion o sns and limitaticrns of =n=

[57]
)

assump?d

methodology will be included in the chapter summary.

The Data Gathering Instruments

The aporaisal Torms develoted in Chapter 2 (Apgeniica:z

B and C) are the primary 3ata sources for this stu

(9N
<
t
3]
[
4]
»de

on the conclusions of the previous chapter, these {crms were
ievelored with the intention of providing userul terrsrmance
information for statistical analysia.

In addition %o *he appraisal forms, a limited number

of maintenance officer orcinions were sclicited concerning




=
(I

the validity of the proposed aprraisal methods. It was fel<
that a general survey of maintenance officers would nave
been overly time-consuming and costiy. The overall resul-=s

of such a survey would have revealed a consensus oginion of

6]

average officers, whereas the opinions of five or six

officers who have excellent performance records may te

considered more relevant., An example of the officer ozinicn =
questionnaire and its cover letter are contained in aAprendix My

Kl
K. For such a small survey, frese form answvers wszre soliclzsd ;ﬂ

rather than multinle-choice or two-way answers; inis Iurmas

H
[Ee SN

B seaTn

wzs surgested by Neter and Wasserman (1 12776 Thnz Tircze !
question on the survey and the zover letier were dezirn2d o

establish ragport with tne resgondent, all cuaszicas war:

simple and wer=z da2zisned %o bz clear, o avold lszading thn2
raespondent, and to eliminate bias, Th2 gu2stisnz Incliuiad

the following:

1. Is individual performance important tc th:
maintenance organization?

2. Are the ranking forms agprovriate for acoirziszing
performance or c¢an ycu suzzest a veltter acggoriaan”

3. Are auan*tity and juality uselul measures oI
performance?

L, Which do you consider to te mcre imnortans, 4

quantity or qualizvy?

ot

ner, can 77

I
'
i
i
i

S. If one is more important than the ©

indicate how much mnors imoortant it is%

The resconses to this survey juestionnaire were intended =c
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indicate whether the proposed performance rating forms have
face validity and how quantity and quality ratin-s miczht be
combined into a single me2asure of performancs.

Several existing sources could theoretically provide
data to validate the accuracy of the performance agpralsals.
Amongs these are Airmen Ferformance Ratings (APRs) and 35kill
Knowledge Tests (SKTs). However, both the APXs and 3XT
results are Air Force privileged information and wer= not

available to this author as da*a sources. Further, AFis have

‘o
Al

N

3 F hel 1~ [P P -V, 3 P U P RPN
a historvy of Being hizhly inflated, according to lallar

.3
[}
[¢V]

v
14

{1277%:4), while SKT73 are paper ani z2ncil tests administered
l" r malanta’d grille gns g+ grave intervalis Ty oo

orily TO testT 3=2.27Uie7 S4L..1.8 and At Jgrigven 1nierva.s. LnLs,

neither would in actuali=zy be an z2poropriate scurce for

validaztina the cverformance raitinrs, In fact, there are no

available Air Force records that woull be useful for

'

P . o Fa Fal . 3 3 -~
idation of sneed of perfgormance--or juantity--rating

<

a

e
ot

a%ta,

Te source used in tnlis resesarch for 2 possible
validation of at least the zuzlity ol performance ratins
scale may be referred to as maintenance ajuality control («C;

informa<tion on technician inspections under the Air Force

Vaintenance Standariization and Zvaluation Prosram (L3ZD).

(]
P
[ &)

F3ZIP va2rsonn2l nerformance scoras are basel on zestarate
failure levels cr vasalines for each type of maintenance
tas<x. Al*hourh thev crovide the best existing performance
da%a for validiazion use, difficulties may e encoun<ered in

usins ¥SZP. Por irstance, personnel evaiuations are no*
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required nor completed for any one individual on any regular
basis; thus some of the technicians in any random samovle of

technicians may not have MSEP records.

Sunmnmary of Data Needs

The data to be gathered for this research thus
includes (1) supervisor apvraisals of technicians recorting
to them, using the recommende? rating forms (Appendices 3

and C), (2) surveys of a few selected maintenance oificers

e

npeniix K), ani (3) VSZP revorts available fcr most of tne

tecnnicians idrawn in the samrzle, The sample instruments
far {17 above were reviewed and aprrovesd bty the air Force

P STV

mili<ary Fersonnel Center, Randolc!

)
o
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subject clearances and a urivacy statement example are

included in Aovendix A,

Selection of the maintenance technicizns for the

S

™

mrle proved to be difficult, 1% was desired that cnlr line
technicians be evaluated, and that they de evaluated bty their
immediate superviscrs, who are resoonsitle for scheduling and
insvectine assiesned tasks., No existing source document used
by the Air Force apvears to reflect this infcrmation on an
accurate and curren* %asis. A complete listing of all
maintenance lina suvervisors and their immediate subordirna‘es
is necesrary if a randomly drawn samrle of shift superviscrs

ani their subordirates is to accurately reflect tne entire




maintenance organization of a chosen Air Force 3ase.

The existing versonnel listings of ratinz officials
responsible for preparation of annual APRs does not reflect
current worx gZroup assignments., §ar instance, in exaninirz
the personnel listing at #4illiams AFB, Arizona, it wa:
found that one supervisor was shown with six subordinat:s,
ncone of whom currently reperted to him. ancther su ervisor
on this same personnel listing had thrze aszisgned subtordi-
nates listed, one of whom was not currently assionel <o nim,

\

wnils he actually suvervised an adiizional z:van wn2 11 o

35T R T, AE A 2cnIsIuencae, -
inz of rating 2f7inials ant subnrdinatag VI3 NIToLe L
in selectinz *h2 samcole,

Ancther data tage, the Malntanance Xarnassmant ol r-
m2tisn and Contrel 3vstem (MIIICS), malntairs 3 Ti110 o7 a2l
naraannel assignad 4+ the mainterance crranizasion, bt <o
file does nct identify supervisors -r thelr immoiiizte cutor-
dinzt2s. A3 a conssquenc:2, it was nacasgary o Ittiin a

>irrent roster from each maintenance section ;rior to draw-
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from a lis*tinz c¢f all such zrours ir each mainsenance

siuadron, Lty using tha random humder tazles in daeyver
’ - IR - < o~ v - * -
(187855420, In a fow 2a3es ZuTnervisory Sroups were alsc

chosen b7 dice rclls o das_de the parcizular shifss <o e
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50 b
Nhere more than five subordinates revorted to one sucerviscr,

five subordinates werzs selected for the study sy azain

VORI NS

using randiom number tablas. Alternates were also selected
by this method where more than five techniclans were
encountered in a group. This stratified selection metnod
allowed the researchers to control sample participation, to
eliminate supervisor bias, to obtain a representative
sample, and to allow supervisors to evaluate enough subor-

dinates (five each) to obtain valid comparisons.

b am et s &3 L

Sample size was set at ninety technicians per

squadron (aovproximately twenty percent of th2 population)

nasad on the sample sizes used in similar studies. Zizhte=n '

9

corresctonding supervisors per sauadron comrleted technician
evaluations. As the mainterance organization at Williams 1

AF3 is made up of two saguadrons, the total samcle drawn

consisted of 159 techn’cians (some superviscry groups hail
less than five technicians) and thirty-six supervisors, o
research dealing with Air Force maintenance technician

verformance has reported useful information on the elfect

of sample size on statistical tests. This research shoulid
provide information on adequzte sample sizes for minimizing
the orobability of erroneously accepting a hypothesis (Type
II error) for certain statistical tests,

As for the maintenance officers sslacted to anzswer
the independent survey questionnaire, they are perscnal

acguaintences of ths author and have all managsed maintenance
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operations zraded as excellent or better by Major Command
insvectors. The majority are now retired and should thus
have felt no restrictions in supplying candid answers.

As has been noted, sample selection for this study
was very time-consuming. To begin with, much time was scent
in evaluating existing rosters of personnel vefore i1t was
determined that the rosters were inadeguate for drawing
the names of maintenance personnel and their immediate shift
suvervisors, The samrle was rardomly <drawn from all

suvervisory groups with more than three tecnhnicilans retort-

[

inz to a shift suvervisor. Details of <he zxact izza

cclleczion prccess follow.

Data Collecticn

The samplz data was ccllected at Williams A3,

Arizona. To protect the privilezed nature of the supervisor

(]

£
renments, conircol

§s

performance aprraisals and Privacy Act resu
numbers were assigned to the technician participants in the
study and the researchers supervised all appraisali and
evaluation sessions. All participants comctleted the survey
forms in a central location and durines specified time periods
which allowed for particivation by zersonnel rrom all three
shifts,

The independent officer survey juestionnaires were
mailed to eicsht maintenance officers arni resconses were
received from four, as the remainder nad movel ani lef* no

forwardine addrecses,




In Chavter 2 it was theorized that pgeer ajurazisals
micht deflate ratines; it was also noted that no resezrcn
had Dbeen done in this area., No zeer agpprazisals wers a2ttemol-
ed in this study either, due to time constraints, to the

difficulty of uvrovidins the necessary informaticn to all

@D

169 zarticinants, anl to the wide ranze of esperience levels
found amonz any five technicians within a supervisory gzrourg.
The sa2mrle size simoly made veer apprraisals too dif:icult 1o

administer, which may also be the reason why this methel nzd
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Data Analvsis

in analyzineg *he data obtained from the dilliams .
samole, the First consideration is to determine if the
orzanization is adequately recresentei in the sample. In

this case, the maintenance organization i3 small enouph tc

(9]

omzare th2 samdle ponulation and the t2ze mainterunae
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Statistical analvsis of the da*a should 4hen estat-

¢

lish if it is suitable for use in 2 regression arnalysis and

if there are significant differsnces between juantity anid
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small number of maintenance officers surveyed concerninz the

! relevance and usefulness of the appraisal forms may produce
results of limited use. Finally, the lengthy data gathering
period of two-and-one-half weeks allowed for a number of

n versonnel and policy which may affect results.

e

changes

Most of these limitations will be resolved in *the next

chapter on analysis.

it




Chapter 4
ANALYSIS

The analytic purpose of this study
suhjective cerformance rating method that
following:

1. Performance data applicable to

as a devendent (Y) variable.

rmande 22%T2 Tnat has some

o
.
'Y
1]
"
th
O
wn

samzle will be 2analyzed to determine i7 i

tigal proverties will bBe censidered. Thir
and quality ratinzs will be compared.

association beiween existing performance m

is to develiop a

crovidss the

O]

regression anaiysis

~

easures (MiIEP

and the samnle guality ratinzs will be inves<i-ated,

£ 03

Finally, the maintenance officer resnonses

survey will be summarizsi,

- -1 - 5
te the opzinicn

Lo
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Sample Composition

All of the technicians and supervisors included in
the sample were members of the maintenance crganization az
Williams AFB, Arizona, a U3SAF pilot training base, Inis

maintenance organization differs from most btase organizziions

in that the avionics repair function is a branch of the

X
d
&)
K2
[
o
[oN
o]
(o]
3

Pi2ld Maintenance Sguadron (FM3) and not a serca

The Williams AFB organization structure, denicted in Fizures
53 throuzh 13, is otherwise comparable to tn2 generzl alr
Forz2 orsanizaticn struciure depicted in Figzurss 1 throurn
5, Tha actual number of line te~chniciarns was exiracted Tro-

th2 Maintenance Yanazement Informzation and Contirol Ivsien

{mann— 1 -~ - PRl o - ‘. 3 . S -
(UMICE); these figures may Aiffer from aulthorizad stranzin

fie

1imi%ts and, since suvpervisors are excludzd, may rnot coincide
with squadron strensth figures.
The random samvple of 159 tecnniclans was intendsd o

recresent the entire maintenance organization. Zighty

ba-
a}

technicians were selected from the Cperaticnal Maint-onancs
Squadron {0:'S), or 22.6 percen®t of th2 sjuadron. Zi~hty-
nine technicians ware selected from the Field Maintenance

Squadron (FM3), or 13.7 percent of ths sjuadron. The grade

4Aistritu<ions of the sample closely varallel that found in
the organiza+tion (see Table 4), The *V3 samole and sauaaron

are composed zrimarily of sergeants and civilians, wnile
S5 is orimarily comnosed of airmen.,

The relative rerresentation of sjyuairon Tranches in
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the samvle is denicted in Table 5. The CMS sample closely

>

rarallels tne squadron population. The F¥3 sample is not as

racresentative dus to the large number of work sections with

i

few technicians,
The CVS sample included eight day shift sugervisory
zroups, eight swing shift groups, and two mid (i.e., grave- |

vard) shift groups. The FMS sample included twelvs dav

shif%t groups and six swing shift groups., Fii had few swing }
shift zroups arnd faw mid shift zroups witn three or mcre

ot
W
(9]

nnicians assimned.

Tasls &

Grade Jistribution of Jsamole and Fonulizatizn

LT I2n. .otal Civ, Toat  S3at 5as AlD  awN Al
LA
!
— ; 4 ) e’ ~ . B
“orulasisn 1175 122 270 23 75 175 i L
Percentact: 100 Ze . 11 15, 37 5. o
Jamole =9 Z3 3 ol 1z z9 o M
J g I 5 . I p
Fercentags 100% 227 35 i2 P 335 o 1
0~y s
Tu
s . . - _ . ) 3
Fcoulation 335 13 3 23 o 206 a4 2=
- . 54 feon . ~ 7 = at o
‘ercentage 10724% 55 173 7% 135 53 i, 7.
3amule 30 4 ) 4 it 54 < =
- ~enat - -~ - -~ ~ v -
Fercentage 1°0% = 5% 5% Gis 53 35 35

(pcoulation information from NMICS)

In snort, the sample apgrtears to repraesant fairly tns
maintenance osrganization as a2 whole. The randsm s=2lection of

sucervizory groups with a syukcequens randcon lection 2f n:

6]
<D

more %tnan five technicians from each group 2ppears to have
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O~

provided a representative sample in terms of rank structure

and exocerience level and relative branch strensths,

Table 5

Relative Squadron 3ranch Strengths
versus Relative Sample Brancn 3Strengtins

Organization

%5 01
Pooulation Sguadron

Samnle

;2 0T
Samnle

A
£
CMS Branches .
———— %
[
T=37 Flisng 33 2< Z Zi. .
|
m - M - ! M N oo
T-3 Flight 127 15 % 23 23 A
b B - o o . N y
J=37 Inszect, 2z o = 2 1
T.03 Tnszzont, iz o 3 1. |
- 4‘
5o Irnsmeat, o’ 2 5 o, !
ez, and
~ N -~
Xeclamatio 51 1773 10 1%¢
Ty e - T - - ~ R =z 2z
JunToert Insrgecs 17 o ‘ 2,73
"+ 1 S-S -
L.O%adl /J,j )
G 3rancnes
PP - - ..
Prozuls:ion ol 33 Z2 —Led
= . - ') ~ - o .
Tasrication 1058 22,25 3 ilezt
Aerostace
3vstems 111 235 3 3,0
R - ~ 7 — - -
AE 32 D75 5 Sec.
. .- - _ _
Avionlics 57 14.2% = 2.7
Thtal 47 -
{oozulia*tion information from Iz




Samnle Sta%tistical Froverties

All technicians included in the random sample were
rated on quality ard guantity of performance by their.
immediate suvervisors, using the rescommenied forms in
Appeniices 3 and T, Cnlv the data frecm the rating scale

w1is used; the rankings were intended to aid the survervisors

in their ratins efforts. The data collected is shown in
1Y

Cam aonTirucus ratinecs hetween zers and ten,  Mnlae owoalid
mavae oroiuc2i nisdosrams wicth emull o cell yidths uzin, for
imgtarce, a4 ocorires nrocedurse wners 3 4,0 =Soore or ratins
yalue resul=ted from a ratinsg setween 2,75 and .25, In this

samcle mest ratinss were grcoucsed immediate

irz numbers,which required adjiustment te the feollowing rzc-
inz svstem:
Rating Ranrce Ra*ting Yalue

10.0

.
N N
O

5.0

>705-~2.5 3.:)

C.5 D, 0

em resulted in the auar*tity and

ct

-

. - .
~3e 2f this rat

n& sys
.

qu2litv ratines valuss renorted in Aptendix D.

The resultins hist-grams for quantity and suality cf

b

o A aee A




performance for OMS and FMS are presented in Figures

-

5. According to Bradley (1563:55), the discrete distritu-
tion case can be treated in the same wzay 2s the continuous
distribution case, Difficulties arise in the use 0f non-
varametric tests due to *the larce number of ejual values and

the potential loss of tes*

3

ower,

This informaticn is included in Apgendix ., This zrozran

o - . . - N
1iscussed following an qanalvelis of *he DI5F dazta,
neT -~

MSER 2ata

W

H P T arlvay T F 3 TR TR N NI SR S IRV -
1s Tage existing 1niormation with whiln Ju3llty ratinges are

te 22 comzared in an 3ttemot tc estianlisnh scme wvalidity Jov

b
R

+ 2 — ), LRSI Al o ~ -
atinsz. The NIZT data regresents

the subdbiective zualit,

<$
'3

ratinFs reporesent supervisors'® acirzisals at one tarticul:r

R o)
§ae

oint in time, The MIZP verscnnel eva_uations are zazo:

on compliance to =auipment svecifications; failure ¢ an
evaluation reoresents either a major savaesty Zfissrsr.onor or
“he accumulation of more than the allowe? numder ¢ minor
discrepancies for a czarticular tas<. Irsoectiaing tadv inoo
PN

2onsideration completed maintenance az-icns [ IW4), ocomoolss

maintenance insrtections (ZI), and tacxk evailuations D& .
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FMS Histograms

vStatistics from Appendix Z, BMDP analysis; the =umcer
of technicians recorded in each interval is noted
at the 100 of each frequency column)
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of technicians recorded in each interval 1is noted
at the top of each freguency column)




Since some supervisors also work as line techrnizians

complated supervisory inspections (2S1) zand suzervice
evalua*tion (SZ) are also included. The XSEF score us
this analvsis is bzsed on a weishted averaz2 of all i
tions subtracted from one sc¢ that an individuzl »3IZP s-
0f 1.0 indicates that no discrepancies were noted dur

echn

=R RS L

an inspection cf a2 particular t ician's worx.

The managemznt of the malintenance orziniz:

L

Williams ATF3 requires that every <echnizian receivz zn
inszecticon every eirhzesn mInins, &ionouzIh the Lio Yo
does not require an Insgecticon =0 ZizTeon, In stin: o7
molizyv, 2 Iarsa oragzoarticn o ths techniniang from oo
stuadrens were ra2lativaiv new arrivais 203 har o o aon
insrected {see Tablaz 5;, In =ivis tasiz sicrme, T LITE Sz
lanls o
<% ’
wrer = . - . .
0¥S Fopulation 142/542 fe
FifS Sample 12/89 21020
wra QD 3 * 1AL g ~ oo
S fooulaticn H VA DL 03
*t Porulation data 1z from MLICZE and Incluidzz a2ll Zunervioio-
and technicians.
vould ne incomclate an® unuseanle a3 a terformarne molsur
for tha2 entira oreanization. I% is z2lsz gismizizans %3y noo:
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that of those technicians insvected who were included in th

sample, OMS technicians received an averaze of 2.7 irscec-

«t
ra

tions in the past two years, comzared to 1,7 insgectiocns ir

Lr

the past two years for FM3 technicians.

The histograms of the quali*ty ratings ani J3ZP scores

for those technicians in the samgle who recelived inzceciions

. . _ s . . e .
usirz the ZNDP program. & prelimirgry insgecziion of the
‘
. S - ~ - - Pl
higtograms nmicnt indicate that %$ha higher avsraze numder Cf
. e . .. e .. - B .
insrections of technicians in 2l deflzzed J10 NIIP ritings

P . 4 - ~ T -- -+ = - — - P ] sers 1Y
the cuali%y and auaniti=zy of cerformance rating dava will

. -~ are o+ - < - < N - - 2 B S
now he analvyzaed with regard $c imuortant s-oatisilcal

ualities, Lost sisnificant is the relitiom hHetween n:o
nistozram diztrizutions ani <he neormil distrisutizn,
Normalisy and
Apvlizability to Regression ana.viis
The maintenance technician ratings were designsd for

use in regression aralysis as the dependent (Y, wvariables,
Cne of *the assumptions of mulitionle linear rezrecssicn is
that the observatisns for the dzaperdent variatlas are

indecendent ang drawn frcm a2 normal dissrisuticon (Ne*er and
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parametric tests *that coulldl be used to cecmzare the zuantiuy
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(n=A3; X=,700; s=.253)
Fizure 17

OMS SJuality Ratings and M3:=P

(Statistics from Appendix J, Correlation Analysis; the
number of technicians recorded in each interval is
noted at the top of each fregquency column)




and quality histograms.
Tests which can be used tc test the normality assumn-
tion include the Kolmogcrov-3mirncv and Chi-sjuare zcodness-

0f-fit tests. The Kolmogorov-3mirnov test is not acplicable

in this case, as population varameter estimators carnot be
svecified in advance of testing {(lapin;l973:425), TIne <hi-

3quare test does allow the use of sample estimatcrs for

testing votulation varameters., The Chi-Sguare tast, howevar,

2 ..

is meore 4ifficult ts interzret and the provaciliisy of

JRESEES WY

accastins a false null hyosothesis (Tyze Il 2rror) 1 oo

For instance, the .01 level of significance f:xr tha _u

4

quality da<ta i-dicates that if a distrizuticzn were nirmal

w#ith a mean of 7.2 and a standard deviation »f 2.C, *hen

there would be a 1 percent chance that a sample could bpe

equal to or greater than £.,2, 3imilar interpretations o°

the remiining Tvre I error levels indicate that a1l tae ,

samsle da*a have relatively low crobabilities of nein- freonm
normal dis%ributions,.

The relatively pcor fit of the samzle 41ta to normal




iistrinutions,
multicle linear re

The re

ne used.

will remain unbiased and consisten?

efficient, If

the error terms {(residuals)

have ccnstant variance

iasticity).

ance d4ata can be made

fcriunately,

gression

the lack of

coefficiens paran

fa condi

ion model is devel

ults, 2 transformati

This conditizsn can oest bte inv

gression model with which

1=

ncrmality is siz

“ion defined

has minimal =ffact

-
el

thougn not

asS

to correct the croblem,

neter

encuch,

0f the regression model may not

oscCce=-

instance,
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Table 7
Chi-Square Normal Dis*ribution
Joodness-of-Fit Tests
Distribution Type I*
o 4 2 a .
Sample Fit to N(%;s<) A Vv Risk n
CMS; Qquality N(7.2;2.0%) 5,96 1 .0t 30
ONS; Juantity N(6.6;2.1°) 4,56 1 .02 3¢
.2 - .
QNS; MSEP N(.70;.25%) 2.79 2 .001 53
OMS; Rev, MSETPC  N(.66;.247°) 2.73 2 .25 52
ot T IS 3 NLT? 3.0 120 17 aad ! 1 23
WS Quality N(7.3;2.14) 17,G8 i .00 38
F¥3: Suantity N(2.63;2.14) ALl 2 SOE 20
PS8y N3ZET u;.QL;.lef "eo inflatedl tc calculite
2y=dezrees of freazdom,
DType I riszk is %tne algha lavel o =siznificance.
CRev. ¥ZZF includes insgection results for
technicians wizth tws or mare inscections,
1560 Anrvendix 7 for ZThi-Square cal-ulaticns,




if the error term standard deviation is proporticnal t»

snquare of the factor level mean, the reciprocal transforn

tion stabilizes variances (Neter anid Jasserman;l7374:507
It is often the case that the same transformaticon which

stabilize the variance also helps normalize errcor terms

A

Neter and Wasserman (1674:123) state that:

o

It is therefore desirable that the transformation for
stabilizing the error variances be utilized first

and then the residuals studied to see if serious
dezartures from normality are still present,

It is thus apnnarent that normality of the sanmsle

comparisson of the samvle distributions tc nermal distiri

tions, All of the sample distributions are s<«ewed as i

cated by the da%ta in Table 3.

Tahle 2 -

Skewness and Kurtosis of Samzle Data

A

JU-

et
DI

oM NS
Juantity auality Luan+tity aality
Sxewness (SIA ~,350 1.@09 -, 314 ~1.2t2
(Bl k l")l‘j 1 : o‘:’)i ‘_.s&’\].
Kurtosis (¥2) L350 221 0277 1ole

(S
o
®©
23
o8
s
>
{e

(data from 3MDY analysis, A

fram normality on zarametric tests to ~omnare means is

' Fal N . . .
he effect of sseawed departurs




76
significant for small samvle sizes but insisnificant for
the large samtle sizes used in this study (Davies;1G55:5%),
Most parametric *tests for the comparison of means, however,
require equal sample variances. And tests that determine ;
variance ejuality are significantly affected by szewed
sample distributions. The sample distributiocons all, with

one exception, have equal variarces with a Type I risk of

SUEE W R AUPAELY

five percent (Table 9), A calculation to test for the

equality of variances for the FuC juanztity zni guzlisy dacza

,,
- G EY Sd

is inzluded in Anpendix H. However, acccriing to Javies 3
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regresziocn it should be used with caution., In varticular,

<h

(D
"
[14]
o

pression residuals should be carefully insrected for

neteroscedasticity and, if necessary, remedial transformations

should de utilized, The use of parametric *testis for the
somzarison of samrole distributions is 1uestionablz2 due <o
the skewed nature ¢f the distributions, In particular, it iz

£

»d

th

pe

i cult to tes*t for the ejuality of variances with a Tyre

-

error of less than seven percent, while variance ejualicsy

is a requirement for most parametric tests. Non-parametric




Table O

Comparison of Variance Ejuality
(see Appendix H)

77

sm—

Type I

Variance 1 Variance 2 i3 v, V% Risk
FMS Quant. FMS Qual,. 3966 38, 28 .5
(4.25) (4.26)
FMS Quant. FMS MSEP 1.520 06,53 .05
(3.91) (2.57)
FMS quant. FMS RWSEPP 1.5%7 35,35 U3
£ 3
{D;2Q/‘ (3032)
CiS “uant, CM3 Qual, 1,17« 73,79 s
(%45 v 3.33)
55 Jual. C¥5 M3=P ALl £2,82 R
(3.05) {(6.92}
ONS gual, Cr35 RMSZPE® 00 21,51 e
(3.33) (5.52)
OMZ Luant., Fe3 quant, «533 03,73 eSZ
(=.25] (L ,us5)
oNs ual. S oLual., 1.109 24,7Q .5
4,23) (3.33:
ay=degrees of freedon.
BR:'SZP includes inspection results for technicians
with two or more insctectiosns,

The null

LB,

Lo

CN.3. (No*t Siznificant),
rejected and the variances cannos
equal,

hycothesis is
be accepted as




tests may be aponlicable if

can be used with this type

Rating

7

the sample histogram disiributions

of test.

Comparisons

The nex% area of interest is the comparison of the

quantity and quality ratings within anrd between sjuairons

R

(&

determine if any diffarences exist for the rating distribu-

tions, Due *to the ncn-normal distribuzicns, ctne

ot

ests for

differances will bte cnnservative anid will either ve non-

~ 3 - 2 IR Y - 3 ~eym V1L e
rarametriz or narametric, with variance esuality not

1Y - e 4 - ~ -~ 1 —~ - ~ - - -

by o a largss numner of ties in th2 zamroie 1ata, avil tnat oo
ral - -~ - - - - 3
for tnils stuly lala. Jne non-Tarametrlce T2zt tnhot 1s a2pnpl

Xolmaaorov-3nirnov two samole tes: (Githons;le75:2482). For

ast only tws assumotl

studrs data:

ons are needed ralztive t2 tha

firs+, that tne 2uantity ani juality ratinfFs

J

for eacn tachnician by a single supervisor are independent,

ani, secondly, *hat the 7Jua
i3ta 22 congidersd z3 conti

—rooadbilicy (P} valuas for

e 2on3er
~est

Juantity 2nd uali<y rasing

. A ——
nuous varianles, Thus tne

vastive 5ivcon;1979:253). The Xolmororov-=3mirnsv

ra3ults su~marized in Table 10 iniicate %tnhat :ne

ntity and quality of performunce

iis*ricutions for each siyuadron

EO P R
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Table 10
Comparison of f“eans
(see Aprendix I)
Siz.® Tyre
b o Tyve I II

Mean Yean Test? Stat. 3 Risk  Risk
RIS FNS K=S .ZJ(D?) - Os(P; -
Quant.(6.6) Qual.(7.3) B-F 2.2(t7 175 .05{c¢) .30([3)
ONS CNS £-S L17(D_) - J1C({P) -
uant,. (.57 Zual.{(7.2) Z2B-F 1.90t) 155 10&T 1372
oNsS FlZ 2-7 L574T) 12 lNoneior, -
auant.(2,57)  Zuant.(=.2)
Sus o 2.7 TL.o{t) 1835 fHona(e, -
umal, 7.2 waal. (73
oMs Siche 3- LI 11l NonaioxX -
mal.07,.2) OIS S A
o3 eugd 3.7 S05(%; 151 L0530 OiR,
suzl.(7.7) MSER (.1

2Tests; K-3, Kolmogorov-Imirnov son-Parametric w:o

sample *%est; 3-F, 3ehrens~-Fisner accrokimate "' a3t

Lo TR
°laleulated
Smirnov t:=s
"t" test,

ot ot

Cy=degrees of

d7he ¥SZIP mea

€3iznificant
significant

agt stalistics; D_ for tha xolmngnrov-
, T 7or the Zenrens-Fisnsry anuroximass
freedom.

ns were multiclied by ten for these tes*s.

Tyze I risk levels were rezorted when a
s ee

“ererce in means was found.




necessarilv mean that individuals will have siznificantly

1ifferent quantity and quality ratings. he siznificant

difference does indicate that both distridutions shouli bde
used in the regression analysis. The association between

ratings and the validity of the qualitvy of rerformance rat-

e

ings will »e considered next.

Rating Associations

il

ard ruantity ra*tings and hetwesn zuzntivy rotinss and LT

~ + ~ : - - — -~ ~ M

iata retuires some scort of aszoclaticn mezsure, cn-
raramatric measures would be pra2foerred in thls cass since U4

Howzvar, non-vrarameiric association measurss reuire
that the data be ranked, whereas the samtle data in this
study contains too manv ties for such measures to be valia,

3ince non-nzrametric measures cannot te usai, it is
necessary to use tne Pearson troduct-mcment correlation c¢oef-
ficient as a descristive measure. In this regard, Freund
{(1977:324) states the following:

Note that the sample correlation coefficient

often used to measure the strength of a linea
relationship exhitited by samnle data =ven irf




N -
Al

data do not come from a bivariate normil porulasicrn,

Gibbons (1976:339) indicates *that tha use of an

"3

nterval scale, as is used in the razings under s-uir, I

f=n

o
.

subjectively measure performance zalso aliows for <ha use of
the Pearson product-moment correlation ccefficient as a
descriptive measure,

In this study all correlation coefficients werse

ts oI trnecse

b+
9]

calculated using the 3BMDP nrogram. The resu

campariscns are sumnarized in Tazle 1!, The significan~e2

e . LI A A - ~ ~ 7 + R e AT T 2 N =
1f +the coefficianzs are ooual o zare ox SR : bt

1 - 3 - ~ Pl S A - VA A v, - T e =
roesults indicate non-zero coefficiants. These reIZuLns Lz

Aisgtrisuticons ar> Arayn Srom oa Tivariate normil dlztroitution
far the pozulation, a 22sic agsumrticn Tor o oun2 a3 ol oo
correlation coefiiciasnis,
n 4
Table 11}
o £ -~ hl PO “ el -
Summary ¢of Correlatisn loatfllcents (v
Y H . - d . . P : ;3 -~ -
for auantisv/iuality associacticns anz
- 3 bR S~y A -
wuality/UI3ZP Assoclazions
- -
(see Apcendix J)

~uant, ARSI Jev. JLOZF

QM3 a o
> < SRR o a3
ual., c NSt e .izo Sl ol

~d

»
r—
Al
) >

u2l. 29 .5352 75 . ‘o IR

“ - -2 2 L .e - . + N N . N
ajorrela-icn simnificantly noan=zer. a%t the .00 Livel,

N
lal 3 I~ 4 [ . . O B - . ~ . .-
DZorrelaticn is not sigrnisicantly 117 srent trom oLarne

CRev,., MIZP includes persornnel wisn two or mor: inrcoos




Interpretation of the correlation coefficients as

descriztive statistics indicates tha®t zuaniity and gquality
of prerformance ratings for individual technizians are hizhly

correlated, There does not au.pear to be any linear corre-

£

lation, however, between technician quality ratings an
MSEF inspections. If, however, only thcse individuals whe
have nad two or more insvections in *the previous two years

o

are included (revised M3EP), a significant ccrrelation

- - P N " . : + -
results for CM3 personnel, However, there is 231111 no
T +3 maEers bot] Sy = R B e
gorrelation hDatwsan UMS ratings and M3IF7 data,
T - t ” - + - ~ . -1 dee - N 4~ -~ .
1T thus anpears that sne guantity and aunity rauin
Ea ~ " - 4 - -~ - M - ot -
Tor individuzl technlicliang are nisnly correslzatael, /ertc o ouoor
1 3 -~ -~ 7 - RS 3 by -
correlation exists beiw2en 2usllty raiinge and (27 izza,

- £ B - -~ o Y ~ A N + - -
da*ta from the performance ratirss.  Lex:, T atilits of
- N M e -a3 3 + > =z N
thega rztings will be considered zaszed crn th2 cbservations

quali*y of cverformance, The survey ques<ions and leztor o7

transmittal are contained in Avtendix XK. 3survey sues-i:n-

naires were mailed %¢ eisht mz2intenancze oI ficers ne 1.orm v
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knows personally; replies were received from four, as the
remaining four had moved and left no forwarding addresses.
The Deputy Commander for maintenance at Williams AF3 also
responded to the questionnaire., 1In all, cne Major, one |
Liesutenant Colonel, and three Coleonels responied, The
responses are compiled in Appendix L and represent three
maintenance organization commanders, one sguadrcn commander,
and one chief of maintenance guality con*rol.

The consensus opinion of zthese officers iz that
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individual verformance is importa
is not limited %5 lina technicians. The c¢7icers survaved

t that altacuzh the rating forms desizned for nls

they might not be valid if they were .

[ d

study mizht be useiu

No ons, however, was 2ablza to previde a more
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swropriate way to measure reriormance, Una
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limitation to the gradaticns of juality used on

el

form was noted: many maintenance %asks regulir2 only corv:

V-

b

ance, with no gradations to the quality of work reiuired. f
All of the officers considered guality and gquantity

of performance to be important, although in some cases thay

felt that one cannot be considered independently of the f

other, All considered quality of performance %> be 2bso-

[N

lutely overriding in importance compared tc quanzisy ¢

of

)]

performance, the only exception %o this beinz in time
critical emergencies, such as wartime,
This very small sample of ozinions may not be recro-

sentative of management viewpoints on the subject for the
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entire Air Force. The author 4id feel, however, that some
feedback from those who might be using this information
would be useful. It was somewhat surprising to discover
that quality of performance was considered to be much more

important than quantity by all of the officers surveyed,

Summary

The results and analyses of this study have been

vresented in this chapter. Considerations included study

N

0f the sample 1o determine if the entire crzanizaticon was

well rezresentzd and a careful analysis of the sample data's
statistical provertiss, In pzrticular, the data was

ability to regrecsion analysis., The
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rating distributions were also tested for goodness-of-fit

to normal distributions. Quantity and suality of gerform-
ance ratinzs were also compared and an attempt was made

to validate the quality ratings using YOEP results. Finally,
maintenance officer opinions concerning guantity and guality
of verformance were summarized., All of these analyses wilil

be discussed and interpreted in the next chapter,




Chapter 5

DISCUSSION

The purpose of this study is to determine the

following:
1. What is the best resecarch method for evaluating
or measuring performance of aircraft maintenance
technicians in the United States Air rorce?

2., Does this method for evaluating or measuring

performance onrovide useful and valid szatistical
data?
The discussion of th2 findinzs will therefore cover j

the performance arncra2isal method selecied and tne statistical

evaluation of the accraisal method., This discussion may lead
to findings tnat revise the exisiing vody of xnowledge
concarning subjective verformance acpraisals or imrrove

res=2arch methodoclogies.

The Performance Apvnraisal Methcd ]

The recommended performance acpraisal method
(Apveniices B and C) was developed through a review of the
literature on the subject, The literature reviaw was
nececssary bezause existing rating schemes are either not ’
apolicable %o statistical analysis, hizhly inflated, or

unuseable for ressarch, Airmen Performance tatings (arRks;

and civil service kerit Ratings are used for administrative

’
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purposes of promotion and demotion and seldom reflect job

performance alone. These ratings also tend to be inflated,

Callander (1979:4) reports that airmen have average APFR
scores of 8.5 on a 9.0 scale, an inflated rating that is not F
useable for research. Proficiency ratings are either paper ‘

and pencil theory tests (Skill Knowledge Tests) or MSEP

B O

evaluations. For instance, only approximately 77: of the
technicians at the test base, Williams AFB, had received
MSEP appralisals due to the hizh turnover raze of personnel,

Purthermore, SKT evaluations are noi azpplicatle to civil

I TR A) DTS, X RO 4R

service maintenance technicians, who make up 17% of %th2 line

gy
-y

A

technizians at Williaws AF3, Since existinz performance

N

data was not aoplicabvle, a new rating scheme was davelored

based on a review of the literature and the restrictions

imposed bv the maintenance organization.

e

The size of the Air Force maintenance orgznization ﬂ

required 2 measurement scheme agplicable to civilian and

military technicians of all races and sexes performing many
tasks rangina from servicing aircraft to repairing missile
guidance systems., It was thus apparent that the organiza-

tion size and structure restricted useable performance 7

measures *o general criteria, such as quantity and quality
of performance based on subjective appraisals by surervisors.,
The measurement ol juantity and quality of performance

cresented a difficult problem.

3
Ll "+ o AT SRS e T i - A




88

0f the appraisal methods reviewed, the only avcplicable
methods appeared to be straight ranking and the use of rat-
ing scales. 3o0th methods are based on subjective appraisals
by immediate supervisors. Barrett (1966:71) reported that
the use of graphic scales following a forced ranking proce-
dure increases the accuracy of the ratings. This method was
adapted for this study and should have, in theory, provided :
rating scale performance values which were normally distrib- K
uted.

Thez actual rating scale fermat was desisned to

minimize errors of leniency (see Apvendices 3 and )., These

'

acommended rating forms were asvropriate tacsed on a reviaw

]

@)

£ tna literature concerning agpraisals and on the nature of

the Air Force maintenance organizaticn. The suggzested ratin
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forms have face validity if previous re
are accezted,

The followving sections discucss the szatistical
qualities that resulted from an ac+tual test of the rating
forms within one Air Force aircraf: maintenance organization.

In adiiticn, the opinions on the usefulness 0f the rating

—eor——r

forms which were collected from several maintenance officers

w#ill be discussed.

The evaluation of the rating method was coniucted as

e T ey

¥illiams AF3, Arizona, This is a relatively small cilot $riin-

[}

ing base utilizing je* 2ircraft which are mechanrically sim:il=
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compared to other aircraft in the Air Force inventory--the
T-37 and T-38 jet trainers. Thus, the conclusions of this
study may be limited by the restriction of the test to one
training base. One prerequisite of the rating form tested
was its applicability to both military and civilian mainte-
nance technicians. Both types of technicians were included

in the sample drawn from the maintenance organization.

Test Sampling Procedures

The random samplinz procedure resulted in represenz-
ative proportions of civilian and military technicians., RXRat-
inzg of the technicians proved to te of no diffizulty tc any
of the supervisors. It is sigznificant to nc:i: that a major-
ity of technicians within the FMS squadron were civilians cr
had attained the rank of serseant or better, The (I sguad-
ron, conversely, was primarily military witn the majority
being airmen. It can generally ve concluded that the civil-

ir Force rersconnel with sergeant rank and

e 23

ians and the
above have much more work experience than the airmen.

The sampling procedure also provided a representative
proportion of technicians from each of the Cl3 branches., The
F¥3 branches were not,nowever, proportionately; represented
by the sample, This uneven distribution was crimarily due <o
%he lareg=2 number of independent sections or shozs in F.o
hWaving vary few peoole; the swing and mid shifts in the mcre
heavily pooulated shops were excluded, as fewer than three

technicians worked for a supervisor at any one time,

. ——-
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In general, the sampling procedure was extremely

successful in providinz a rerresentative segzment of tne 4

organization, By randomly selecting supervisory groups i
rather than individual technicians, the ratinz process was f“
expedited., And by randomly selecting individuals from the
supervisory groups, the researchers controlled who would Dbe 4
rated and avoided any bias had the supervisors selected the

technicians themselves. R:

Rating Distributions f

The skewed nature of the 1uantizy and jualitr aliszo-

™~

~ram dis<ricutions (Fizures 14 and 13) was not etgecved.
The rating forms were designed %: oroduce symmetric, normal
iistrinsutions that reflect the relative pericrmance sf
vechnicians, Thare are two zoscibpls explznations Ifor the

Y

1, sxewed auality ratings: (1) the sucer-
visors as a whole may be ex*remely lenient or (<&, *%tn2 super-
visors may be interested in consistent comtliznce ani nc
more. There 1s no way %o differentiate between these tw»
exolanations. It is zossible, however, that many mainte-
nance tasks are designed to be simple so that the technician, ;

ther can

e

according to one survey response {appeniix x), "e
40 the job, or he can't with no araiations in qualisty.™ I° |

supervisors rate tecnnicians in this lisht, thern the iualisy

histograms would be expected %o disolay the skewed nature
observad in the test data. It would oe interestins to

analyze technizian <asks to discover if juality zraida<icns

E,
;
E
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exist or if tasks are considered to be done or not done
without quality gradations. At any rate, these gquality of
performance distributions were considered useful for lack of
any other better performance measures.

The MSEP inspection distributions are more severly
skewed than the research sample quality ratings (Figures 10
and 17) and omit some 20% of the line technicians., Sauer,
Campbell, and Potter (1977) observed the same difficulty with
MSEP data and also determined that the datz was not appiica-
ble as a measure of performance in ccnstructing methematiczi
models.

The guantity of performance ratings exhibited

pae

distrizutions which were less skxewed than the guality razings,
and the auantity distributions were significantly different.
The difference in the distributions was established using
the Kolmogorov-3mirnov test (Apvendix I). Despite the
differences betwesen gquantity and quality, the gquantity rat-
ings were still not symnetric and still had mean values
greater than the scale mid-pcint. The difference in the
ratings is worthy of note, but the skewed distributions
could also he the result of a halo effect from the quality
ratings or, agzain, rater leniency. There is no way to
differentiate hetween thaese influences. In fast, there is
no existing data with which to compare quantity ratings.
This information may give an added dimension to technician

performance that is not currently considered but may be

important in contingency situations.
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Rating Distributions ani Normality

The skewed nature of all the sample distriobutions
makes it unlikely that they represent normal copulations
(Table 7). This does not create a serious problzam for
regression analysis but does restrict the types of tests
that can be used for comparing distributions.

The skewed distributions should be used w¥ith caution
in any regression analysis. It is possible that the arror
terms of the regression model may not have conztant variance
(heteroscedasticity) as a result of skewness, according to
Neter and Jasserman (1374:123), this condition can best ce
investigzated after a preliminary rezaression model is d=2vel-
oved and, if necessary, a transformation of the teriormance
iata can be made to correct the problem., It is often tne
case *hat such a transformation also helps to normalize the
data,

The skewed distributions do cresent problems with
tests that comrpare distributiosn means or variances. 1In
particular, the equality of variances 1s guestionabdlz in
this situation, This means that non-parametric testz or
tests which do not reguire egual variances should be used to

comvare distributions.

quantity and Juality

The skewed distributions made it 4if icult to

determine if any difference existed detween quantity and
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quality ratings. The histogram distributions were based on

lareser cell intervals than initially intended due to the

grouping of ratings around scale numbers. This, in turn, .B
produced large sample variances (s2=4,0) and many ratings in
separate distributions with the same values. As a result, ii
parametric tests for comparing means had reduced power, %2

while most non-parametric tests for comparing means were nct

useable due to the tied rating values,
To overcome *hese 4ifficulties, conservative tests
were used, The Kolmogorov-Smirnov non-parametric test

show=d that the juality and quantity rating distritutions

)

-~

were di“ferent Tor both squadrons, The Behrens-Fisher

poroximate "1t" test indicated that the means of the guantizty
and guality distributions for OMS and TS differed, The
quantity and guality distridbution means for FNMS were accerted
as different with a Type I risk of 1J% and a Type II risk of
153%. The quantity and quality distribution means for 0.3
were acceptad as different with a Type I risk of 5% and a
Tyoe II risk of 33%, These differences indicate that
quantity and quality ratings should be considered separately
in evaluating technician performance. The differences do

not indicate that technicians® ratings on one factor will not

be reflected in the other factor.

The difficulties encountered in evalua*ing thes rat-
ings mieht be overcome by revising the scale format to ‘i
eliminate the bunching of ratines around scale numbers and !

: by thus attemcting to force normal distributions. For now,

I T
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however, the data is useful in regression analysis with

certain restrictions and the results do differentiate between
quantity and quality ratings. whether or not the ratings are
valid when compared with existing data will be discussed in

the next section.

Validity and Association

If the theoretical basis of the *tests is sound and if
the maintenance officers surveyed are to be believed, the
performance ratings do have face validity, It is difficulre,
however, to find any agreem=nt between ths qual’ty ratings
and existing MZZPp data.

No comparative data 2xists for the zuantity ratings.
It is interesting to note that supervisors tended tp associate
hizn guantity and high quaiity ratings for technicians. TIThis
could be due to a halo effect or could simply bte based on
the opinion that guantity and quality »>f performance are
related,

Attempting to validate the quaiity ratings using .SCZP
data was not very successful. The limitations of the ISEP
data were particularly difficult to deal with., .ore than 2C3
of the technicians received no inscections due to the ragpid
turnover of perscnnel and in soite of a ilocal policy of
administering an insvpsction svary eighteen months. The
resulting ¥S=ZPF data, even after an attempt was made to
interpret the raw data in relation to performance baszlines,

provad to be even more skewed ani unuseable than the rating
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distributions. It should b2 noted that the NIZF da*a cov
two years and is utilized to determine section or bdranch
trends ani not to reflect individual rerformance. ¥3ZF
inscections also emchasize compliance and safsty and not
gradations of gquality performance. The WSEF data was still
used--in spite of these limitations-~in an attemct to vali-
dat2 quality ratings, as it wis the only existinz record
available., The correlaticn analysis revealed no signiricznt
relation between MSEP and the quality ratings.
Wnan only <technicians wvith two or more HIX
tions wer2 included in the correlaticn analysis, a 1ow Cuz

. . . . sos . < -~
significant non-zers (,383; correlaticn was not2i Tor i,

u
ct
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OMS ¥SZ2 data in fact exhibited a normal di
mean value somewnat lower than the 0L5 juallsy ratingo; tnuis,

1 - L. -
ersonnel, 1T misnt o 2

if such data existed for all QNS
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suvericr measure of rerformance to the ratings.
*MS MSZP? data, it may have remained highly sxkxswedi iuz 2
the difficulty of inspecting hisnly tecrnical %tzsks, tne
relatively fewer average inspections, or <ne cverall hizh
experiencs level within the sjuadron. At any rate, thz= FI3
quality ratings are superior to M3EP data for statistical
research,

In summary, the quality and zuanti®y rzatings ccuid
not be conclusively validated using N3ZP results., It i:ces
aprear, however, that vithout m:re fresusnt MSZP ins_.sctions

of all personnel, the zerformance rating distributions

ki
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it 3 diniden.

provide more useable and representative dzta for use in

R e

Y

statistical research., The performance ratings at least |-

provide face validity.

Maintenance 07ficer Ovinions

The limited number of maintenance officer orinions ég
solicited concerning the juantity and quality of performance ‘
ratings rroduced some interesting results. although guantity
and quality were considered to be important considerations,

they were not considered to be independent i cne another,

§—

The majcrity of officers also felt thz+t zuality was the mcore

¥

imzortant factor compared ftc guantity in all but the most
dangerous national emergencies, This is surprising since
the author has personally witnessed many officers pressuring

tachniecians to do revairs rapidiy. For this rezson it is

Yy

21t that both ratings should te of significant value to

maintenance manazers even i? the emphasis continues to remain

on guality verformance.

Summary j

The purvoses of this study were to provide a method f
e
for evaluating or measuring the performance of air Force
maintenance technicians and %tc provide useful and valid
performance data for statistical analysis., 3ased on a g
review of the literature, the performance evaluation mathod ﬁ
developed for this study provided a measure which (1) was :

understood by managers and supervisors, (2) was applicable

=i S ML S e e
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to both military and civilian technicians, (3) was ac-licanl:
to different types of performance tasks, ani (<, zroviisi z
performance measure through many levels of wezzonz systsms
maintenance., The statistical properties of The rztinzg
+
method, however, were disccvered to oe lesc than 2onmzlsielr ;
ideal. in
’
The test sample revealed particular stztisticzl fi
oroverties which weras not expectad tased on tha lizara<ur ?%
raview; particularly surorising wara tna sg2wel zuaniizy znd ;;
tuality of performance distrizutions. IThes: ziswed dlatri- &
butions made thes daza avcctlicatl:z =:o rosr:czizn noailrzis n
aut with reservitions concarning hetarsTlsniaciclay. The ?
2ls0o made zsomoarative tesis iif7icnit,  Indised, tn: raTure :%
of th2 histecaran dis:tribuzions madz tne uses <% mes3s ~-7=
carameiric iests imcossibtle ani reduced tnz Sowsr oI |
parameiric tests even wi=h larze sampls si:zes. Zven ziv:zn {
]
these consideraticns, howsver, 1t c¢ian %e said shat a2 1z71 h
fron %the recommended performance ratinz methcd is uszaniz !
for rezression analysis and 20zs di“Terentiate Lotwsan i
nuality and quantity of rerformance, !
i
These particular conclusions ragardins tns test P
statistics cannot ve compared to the rssults of tests Fron P
other ratinz forms since zuch resul<s 20 no3% acoear o -
widely reported, It was certainly surrcrising to dicosver y
that a method based upon vrevious thaory and researca iil F
rnot produce the syv-metrical distrioutions other au<hors
reported; it should be menticned that most revor=s iid not
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include data on tests for symmetry or equality of variances
or means let alone the sample rating distribuiions,

Attempts to validate the quality of performance data
were marginally successful for one squadron. The existing
MSEP data used for the comparisons was even more skewed than
the performance rating distributions and omitted some 205 of
the sample. More work needs to be done to determine if the
MSEP and the rating distributions were sxewed as a result of
an emphasis on technician task compliance cor simztly on rater
and inscector leniency. At any rate, the data dces not
supczort th2 use of forced normal distribuzicns for techni-

-

cian rankincs sn quantity and guaiisy o erformance,

'3
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ot

1\t meihod has
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is evident that althcugh ith2 graese

»

limitations it is superior to existirg information on
indiviiual tecnnician performance. The rotential exists

for carefully monitoring the guzlity of maintenance techni-
cian rerformance using XSEP data, if Air Force marzsement
feels it useful. This information does no* exist now,
however, while no informaticn is even availadle concerninr-
the quantity of performance. Thus, for lack of any surerior
system, the subjective ratings of technician quuntity and
quality of rerformance are useful and accectable as sourcses

of performance statistics.
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Chapter 6
CCNCLUSION

One of the greatest needs of managers of the military
wearons system maintenance complex is to measure accurately
how well individuals perform on the job. Individual job
performance is one of the bases for performance by the entire
organization. If the effectiveness of weapons system main-
tenance is to be improved, then Individual performance must
be measurable and subject to improvement.
cwever, 4177

suantifyving job effectiveness is iculs.

Decades of research bv psyvchologists and rperzcnnel experts
have failed to zrovide definitive answers to the guestion oi
now to measure perfcrmance or effectiveness, The main
ourpose of this study was to find or develop some methcd for
evaluating and me2asurinz the uerformance of aircraft nain-
tenance technicians in the United States Air Force, This
evaluation method, once developed, is to be uszsd as a
performance measure of manpower effeciiveness in anotner
research effort. The purpose 5 this subsequent research
effort wi!l be to develop a model or models for predicting
or a2valuiting the effectiveness of maintenance technician
performance (see Young, 1278:151,

The recommended performance az¢raisal method
(Ap-endices 3 and () was developed through a review of the

literature on the subject. The literature review was
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necessary as existing appraisal methods such as AFRs, MSEP,
or S:Ts either were not acplicable to statistical analysis,
were hizhly inflated, or v»rovided incomplete and non-current
coverage of the organization. The method which was developed
relied on subjective supervisor zroraisals of a technician's
quantity and quality of performance. This suggested method
has face validity, if previous research conclusions are to
be accepted.

The evaluation of the performance azpraisal metnoz

was conducted within the aircrzaft maintenance organizaticsn of

one nilot *rainins Alir Force 3ase, Williams AFB, Arizona,

&)

+ 4 +-=
the test

[§53

The evaluation a% one base limits the generzlity =
concliusions. A sample selection method was develorzed that
actually paired supervisors and thzir subordinate technicians
and orovided a representative portion of the maintenance
orsganization. A sample size of 2C% of the orzanizazion
provided adejuate s:atistical test errors, with the excection
that the rating sczle and resulting rating distrioution
increased the test error. A change in the ratling scale
eliminating numbered gradations in quality and quantity might
eliminate this problem.

The test evaluation of the performance aprraisal
method also resulted in skewed gquantity and juality ratings,
results which vere not expected based on the literature
review, It is difficult to determine from this present
study if these skewed ratings represented an emphacsis on

technician task compliance or simply on ratzr leniencey.
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The ratinss were certainly more complate and less sxewed
than existing Maintenance Standardization and Evaluation
{MSEP) personnel inspections. The sxewed ratings do intro-
duce some restrictions in the development of a regression
model to predict or evaluate the effectiveness of mainte-
nance tachnician performance; special care should be taien
to identify and correct for heteroscedasticity. QJuality and
quantity rztings were differentiable and should both be used
to rezresent performances, although the maintenance olficers
surveyed indicated that juality of serformance 1s more
essential to mission accomriishment than cuantity of
performance,

Attempts to validzse the quality of reriormarnce were
marginally successful for the QOperational Yaintenance
Sauadron (OM3) involved in the %test. The zsttemytsto validate
quality ratines for the Field lMaintenance Sauadron {(FNS)
were unsuccessiul, [SIP cersonnel inszection data was used
for these ccmcariscns and orcved to pe hizhly inflated and
non-regresenta*tive of the orgarization. No data exis%ted with
which to compare the quantity of rerformance ratings.

Desvpite these difficulties, the performance rating
method provides useful data with face validity which can
be obtained for a representative segment of an Air Force
maintenance organization., It is evident that the racting
data must be used with care in attemrting to develop a

model of orgzanizational effectiveness,
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Contributions and

Future Considerations

This study makes several contributions to the field
of performance appraisal within Air Force organizations. The
recommended performance rating methcd is new and provides
useful information. In testing the performance rating
method, a sample selection technique was developed that
provided inout from supervisors and their immediate suocor-
dinates and provided a representative segment of the mainte-~
nance orzanizatisn, Many previous studies failsd :o ensure

that surzervisors were actually evaluating their subtordinates.
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icantly, an analvsis of the test results srcvided

informatizcn on tha statistical eftfects of sxzwed distribu=-

tions, of rating scales based on numbered gradations cf !

i

performance, ani on the use of histograms in situations ‘
where non-varametric statistical tests are reguired, These
contributions were offset, however, by areas which were
found to require further evaluation,

A superior rating scale might be suszzested from the *
results of this study. 3Such a scale would have only end- i
and mid-point descripticns (e.z., "slowest," "where most
perform,” and "fastest"), no numbered gradations, and cne
scale mark at the mid-point. Values for such a scale would
be recorded by the researcher,who would be using a separate
numbered scale, Such a scale should provide symmetrical
performance distributions with small variance about the

means and correspondingly low Tyce II errors in comparative

L
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statistical tests. Such a scale, however, would have low
face validity and mizht not oe acceptable tc suzerviscrs or
maintenance manazers.

Whatever rating method is used, it should cerctainly :=e
tested at more locations than the one base used in this stuzi—,
It might also be wise to include second-level supervizcrs'
ratings as a c¢comparative and controlling influence on tne
ratinss of technician performance by immediate surervignars,

It is unforturate that axistinr

Tq
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L§

information cannot b2 uszd to svaluacte zetnniciin -orc rminz:
for tnis research effort, CZxisting 33%a would oo zunerlicr

to the oronosa2d periformancs ratings in tormz o7 wulidicoo
acceptanility. However, alirmen Fferfarmance =astings .. .0

. ol F o o~ N - b ™ = - - M - .
and Skill Knowledgze Tests (E:73) are not azrrorriact-,

ae - - T A * ~ A
MIZP datza, on the ocher 11and, could zTe aulite ueatyl il
Tarce ra2tuirements {77 5-1) were mors snecific rorariinac

rezular insgecticns for individuals or provided 2 A.on-~1 -
randomly selecting inspections samoles, as i
WSEP is suprosed *to provide trend anaiyzls dazt: Tor acinte-
nance sections or tranches, out this data is Zaze:r on invala-
id sampling crocedures. The MSZP da<a was susgiciousi

graisals and, as a raculs, waost

skewed with many periect ap
nct sirongly related to current sucervizor ritincz., | C..

data could, nowever, nrovide mcre usetul informatior 1D Lir

Force personnel insztecticn 2oriteria were revicssi,

e il Sl K @ 2.
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Final Comment

It is evident from this study that although the
recommended sublective performance anspraisal method has

limitations, it is superior to existing informatior on

individual technician rerformance. The appraisal method has
face validity fcr the evaluation of aircraft maintenance

technicians in the United States Air Force. It also provides
useful statistical data. Zxisting information on tne gzuality

af tezhrician performance is potentially useful, but iz

R AR Y ADO - Y ng

| falls short 0f teinz recresentazive and inclusive. Liztle

+

. inf-rma<icn even 2Niots concerning the suantlty o7 technician
| l
b
-~ . ~ £ . - . - ,
! z2rformancae,. Truz, for lact of any superior svssem, tae f
1
suniectiva ratings of technician gquantizy and quality of

tarfprmance develrred in +this study are useful and accectable

-

sourcas 5 rerformancs statisties,
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APPENDIX A

MAINTENANCE TECHNICIAN SURVEY
PRIVACY STATEMENT

¢

The attached survey is part of a research effort
being conducted by Arizona State University under contract
with the Air Force Office of Scientific Research, and with
the cooperation of the Air Force Human Resources Labora-
tory, Advanced Systems Division, WPAFB, Ohio. The purpose
of the survey is to further identify factors which influence
performance effectiveness in maintaining Air Force aircraft
and missile systems.

Your participation in the Survey is voluntary but
strongly desired, Your responses will be held confidential
and in no way will impact upon your career nor upon the
squadron to which you are assigned, Headquarters U3AFT
Survey Control Nunmber 80-11 has been assigned o tnis
survey,

A, Authority:
(1) 5 U,S,C., 301, Departmental Regulatioas; and
(2) 10 U.S.C, 8012, Secretary ol the Air rorcs,

Powers, Duties, Delegation by Compensation:
(3) DOD instruction 1100.13, 17 Apr 68, Survey:

of Department of Defense Personnel; and/or
(4) AFR 30-23, 23 Sep 76, Air Force Personnel
Survey Program.

B. Principal Purposes: To collect information fronm
Air Force and civilian squadron maintenance
personnel concerning their perceptions of factors
which influence their performance effectiveness,
To initiate the development of an Air Force
Maintenance Performance Effectiveness Mecdel based
on the survey results and other inputs.

Cs Routine Uses: Data will be used for research
purposes in initiating a predictive model of
maintenance performance effectiveness.,

D, Participation is voluntary. However, your
cooperation is requested.

E. No adverse action of any kind may be taken agains*
any individual who elects not to participate in
any or all of this survey.
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APPENDIX D

DATA

o
&

Tech, uant, ual, MSEP Raw MSEP
1 "'18?6"'“"J13.6 2067 1/3,1/3 ‘
2 8.0 9.0 .588 0/2,0/3,1/3 '
2 8.8 §°5° 611 0/3,1/3,1/3,1/3.,3/3.1/3 '
7- . "
5 8.0 6,0 +563 2/2,7/12,0/3,2/12
5 1.0 2.0 .
? 5.0. 8,0 «333 12/12,1/3 5
8 6.0 7.0 0333 2/3'2/3 b
9 5,0 8.0 .833 0/3,1/3 9
10 7.0 9.0 667 0/3,2/3 8
11 2.0 9.0 657 0/3,2/3 F
12 8.0 8.0 .883 0/3,0/3,1/3 i
13 8.0 8.0 528 5/5+5/12,0/3
14 6.0 3.0 611 9/3,0/3,0/3,2/3,2/3 w
15 6.0 6.0 417 1/3.,0/3,3/3,3/3
16 9.0 9.0 « 500 6/6,0/3
17 2.0 4,0 . 536 0/3,7/12,0/3,0/3,2/3.,
3/3.3/3 !
18 8,0 8,0 .000 3/3
19 6.0 6.0 777 1/3.,1/3,0/3
20 8.0 8.0 bl 0/3,2/3,9/9 1
21 7.0 7.0 .381 0/3, 1/3 0/3,0/3,3/3, |
9/9,1/3 ;
22 2.0 3.0 667 1/3,1/3 |
24 9.0 9.0 .733 0/3.1/3,2/3,1/3 ﬁ
25 8.0 9.0 ’
27 9.0 9.0 «625 3/4,0/3
29 7.0 5.0 472 0/3.3/3.1/3 7/9 i
30 8.0 9.0 333 0/3,0/3,1/3,2/3
31 9.0 9.0 .778 0/3,1/3,1/3
32 5.0 3.0 .000 1/1,3/3
33 7.0 8.0
3L 7.0 7.0 .200 3/5,2/2
35 6.0 6.0 1.00 0/3
36 5.0 8.0 1.00 0/3
37 5.0 7.0 1.00 0/3
38 6.0 6.0
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APPENDIX D (CONT.) ’
DATA '
gmsh % 1 p R :
ec uant, ual, MSE) aw MSEP
39 5.0 3.0 |
Lo 7.0 9.0 .722 5/9,0/3 ’
41 3.0 2.0 i
W2 10.0 7.0 1.00 0/3,0/3,0/3 L
13 9.0 8.0 1.00 0/3 !
uh 8.0 9.0 667 0/3,0/3.3/3,1/3 3
45 7.0 8.0 b
48 9.0 9.0 1.00  0/3,0/3 £
&7 2,0 3.0 .589 3/5,0/3,1/3 E
48 8.0 7.0 «555 3/3,0/3,3/9 i
49 5.0 5.0 }
50 1.0 4,0 1.00 0/3 k
51 6.0 7.0 1.00 0/3 ;
52 5.0 600 T
5k 9.0 10.0 1.00 0/3,0/3 :
56 3.0 9.0 |
57 8.0 9.0 i
58 7.0 8.0 f
59 9.0 9.0 .833  0/3,1/3 |
60 7.0 8.0 667 1/3,1/3 |
61 7.0 8.0 .773 5/11,0/3 !
62 5.0 7.0 «733 0/3.2/2,0/3,0/3,3/9 |
63 7.0 8,0 1.00 0/3
61 1.0 3.0 . 500 1/1,0/3
55 3.0 6.0 .818 0/3,6/11,0/3
66 7.0 8.0 .583 0/3,12/12,0/3,2/3
67 6.0 6.0 667 1/3,1/3
68 7.0 9.0 «333 2/3,2/3
69 7.0 7.0 1,00 0/3
70 8.0 9.0
71 6.0 7.0 1.00 0/3.,0/3
72 8.0 8.0 1.00 0/3,0/3,0/3,0/3
73 6.0 8,0 1.00 0/3,0/3
74 7.0 9.0 1.00 0/2, 0/3 0/3,0/3,0/3
75 8.0 8.0 542 7/12,1/3
76 4,0 6.0
77 8.0 8,0 778 1/3,0/3,1/3
o R o LG s SRS U TR e 3
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0/3
3/3.2/3.3/3,1/3.,2/3

DATA
OMsS
Tech, Quant, Qual, MSEP Raw MSEP
7 0 9.0 1.0 0/3,0/3,0/3
79 5.0 6.0 1.00 o/3
80 6.0 6.0 1,00 0/3
FMS
2 9.0 9.0 1.00 0/3,0/3
3 6.0 9.0 »778 0/3,0/3.,2/3
L 8.0 9.0 1.00 0/3
? 10.0 10.0 1.00 0/3
8 9.0 9.0 1.00 0/3
9 1.0 1,0
11 8.0 10.0 «833 c/3,1/3
12 3.0 3.0 .166 2/3.,3/3
13 6.0 9.0 1,090 0/2
14 5.0 7.0
15 2.0 L,o
16 3.0 3.0
17 5.0 7.0 « 500 1/2,1/2
18 5.0 6.0
19 5.0 8.0 1,00
20 6.0 8.0 267
21 8.0 9.0
22 7.0 8.0 1.00 0/3,0/3
23 7.0 3.0 1.00 0/3
2L 7.0 8.0 667 0/3,0/3,3/3
25 8.0 9.0 1,00 0/3,0/3
26 8.0 8,0 .5388 0/3,0/3,1/3
27 6.0 6.0
28 6.9 7.0
29 1.0 1.0
30 8.0 8.0 1.00 0/3
31 2,0 2.0
32 6.0 7.0
33 10.0 9.0
34 8.0 9.0 .888 1/3,0/3,0/3
35 6.0 8.0 1.00 o/3
Y . L .
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DATA ,

FMS
ech uant ual MSEP Raw MSEP

.0 L] —
37 9.0 9.0 1.00 0/3,0/3 o
38 7.0 8.0 1,00 0/3 .
39 9.0 9.0 1,00 0/3,0/3 ‘
ul 800 7.0 0833 0/3.1/3 A
42 6.0 4,0 1,00 0/3
43 5.0 6.0 1.00 0/3,0/3
Ly 4,0 3.0
Lé 7.0 7.0 1.00 0/2
4?7 8.0 10,0 «750 0/3,0/3,1/3,2/3
43 6.0 6.0 1.00 0/3
49 6.0 10.0 1.00 /2
52 8.0 3.0 .500 0/3,2/2 f
53 5.0 6.0
sk 6.0 8.0 1.00 0/3
55 7.0 8.0 1.00 0/3
56 9.0 9.0 1.00 0/3
57 6.0 6.0 1.00 0/3
53 5.0 6,0 1.00 0/3
59 6.9 7.0 1.00 0/3,0/3
60 8,0 9.0 .83J 1/ 34075 :
61 9.0 9.0 867 0/3,0/3,0/3,1/3,1/3
62 7.0 7.0 1.00 0/3 |
63 9.0 10.0 1.00 0/2,0/1 *
64 7.0 7.0
65 9.0 9.0 1.00  0/2 |
66 7.0 8,0 1.00 0/3 !
67 5.0 7.0 1,00 0/3
68 6.0 8.0 .833 0/3,1/3 ‘
69 9.0 8.0 1.00 0/3
70 6.0 5.0 1,00 0/3 it
71 8.0 8,0 .833 0/3.1/3
72 8.0 9,0 1.00 0/3 h
73 7.0 6.0 1.00 0/3
75 9.0 10.0  1.00  0/3,9/3 |
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DATA
FMS '
Tech, uant ual, MSEP Raw MSEP E
.0 .0 1.00 0/3 ;
77 Lb,0 5,0 B
78 6.0 7.0 1.00 0/3 v
79 9.0 9.0 1.00 0/3,0/3
80 9.0 8,0 1.00 0/3
81 3.0 5.0
82 8.0 9.0 1.00 0/3
83 8.0 7.0 1.00 0/3
84 5.0 6,0
85 7.0 8.0 1.00 0/3
86 5.0 9,0 1.00 0/3,0/3
87 8,0 7.0 1.00 0/3,0/3,0/3
88 7.0 8.0
89 6,0 9,0 1.00 0/3

Notes: 1. The Technician numbers that appear here are not
the same as the code numbers used in the actual
experiment. The numbers were changed to protect
the identities of the technicians. 9

2, The Quantity and Quality ratings are based on a '
10,0 scale, ¥
3. The Raw MSEP data reflects the number of i
discrepancies found by inspectors versus the ;
failure baseline for the particular task inspected, J
4, The MSZP data is calculated by averaging the
Raw MSEP data and subtracting this value from one.
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APPINDIX H
F-Test for Equivalence of 3ample Variances
FMS Quantity and Quality of Performance?
Ho: variancep=variance;
Hy: varianceq#variance,

ydegrees of freedom=(n1-1;n2-1)=(8a,88)

Risk=,05=alvoha
Critical Rezion: Accept Hj if
o) 1) 2 [N g \
F(x/2; ni-1,np-1) £ F & F{1-2/2; ny-1,n5-1)
F{.025;38,28) ¢ P& Ti.375;8z,3¢0)
- 5 PR
L5 g T oo 1.58
Zaleculazion of F:
2
5 ~ . .
®o= __S:;_. = L,2L707 = %080
33 15
Conclusion: cannot reject H._: variance,= variznce;
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APPENDIX I r

Comparison of Sample Distributions
FMS Quantity versus Quality of Performan-e

1. Xolmogorov-Smirnov non-parametriz two sample test,@0?

Hg: Fp(x)=Fa(x) for all x.
Hy: Fi(x)<F,(x) for some x.
2. Risk: P=,05°

3. Critical Region:

Reject Hy if D_ a0 (1.22, ;é? = 1.22(.14%3)= ,1229)
- -

L. Zalculation of D_:

X Gaix) G.(%) Se(x} S. (%) o (x)=3.ix, 1 ']
1 3 2 Nk .02 Lo1T
2 5 4 .06 .05 .ot
3 3 7 L 00 .C3 Ot
L 11 2 .12 .10 0L
5 21 14 24 .15 i,
A 41 23 4B .25 22
% sS4 39 .61 oy 17
g 72 61 .81 .69 W12
2 37 83 .08 .93 W05
10 29 8a 1.0 1.00 W0

D = .20

5. Conclusion: as D_ 2 D_ reject the null hyoothesis,

.05’
conclude that Fy< F2,

dSource: Gibbons (1976;252).

bissume that the quantity and guality ratings for each
technician by the same supervisor ars indepanden:
samples from two pooulations.

°The risk (P) value is based on the assumption that 4
auantity and quality of performance are continuous
variables, If these are continuous variablass, then
the P value should be considered conservative. (Gibbons:
paze 258).

.
Lm0 AL ey e




APPENDIX I (CCHT.)
Comparison of 3ample Distributions
FMS Quantity versus Qquality of Performance
Behrens-Fisher approximate "t" test,
for the case where variancey#variance;p.
Ho: meanyp=meanp

Hy: meanq#mean;

pl
40 rs?/ﬂw, R

{Dudewicz;1575:

126

2090
P

=degrees of freedom®= f(
g

o (‘4"’))'(14* -

(s‘],/"1 +S’>/n Y

2.179

Conclusion: Reject H_:

fe)
1

mean1£mean2

Zalculated for a ziven
equal variance (F

231

Type I1 error:
ence assuming

o= Leg) _ -

M =
interva.l
177207

reund ;i a7°

Using the tables for two-tailed tests (X =
from Freund (1977:4727),

.C%)

ii€ver-

the Type II error (f3) eguals .2C,

-

 ——— - - —

N

[
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APPENDIX J

Correlation Analysis
Quantity/Quality Associatiogs and
Quality/MSEP Associations

fo

2 |

k ' 1, All linear correlation coefficient calculations were

1 made using the BMDP Bivariate Plot (P6D) program (Dixon;
1977). The bivariate plots and correlation coeificents
are cresented on pages 128 and 129, The ccefficients
were tested in the following manner:

"
i

i
5. Conclusions: See vages 128 and 129,

dRevised WMS=P data includes only personnel with two or
more inspections.

A
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APPENDIX K (CONT.)
ANSWER SHZET

Is individual perfcrmance importani to the mainicnance
organization?

Are the ranking forms (Attacnmenzs 2 and 3)
res

for avoraising cerformance cr can yIu su.z
aprroach?

Are quantity and gquallzy ugeiul ncagures S0 ool ool

DN L 1 . - . 2 TN - "y e : . - . [
drich 4o you consiitcer to D2 more lmo.rianit, guant .ol

iy T Y e
TWALITY

oy

aWwomuen more important it is?

£ one is more important hazn the obtihr, sun rou inili.c.

e
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APPENDIX L

SURVEY ANSWERS

Is individual performance important to the maintenance
organization?

Answer 1: Definitely!

Answer 2: Of course, Maintenance production is the sum
of individual performances.

Answer 33 Without doubt, The integrity of the technician b
is all we can depend on. And integrity in this case
translates into quality.

Answer 4; Yes,
Answer 5: Yes,

Are the ranking forms aporopriate for appraising
performance or can you suggest a better approach?

Answer 1: Yes.,

Answer 2: They may be useful, but are, by thenselves,
shallow, In many jobs the technician either can do the
job, or he can't with no gradations in quality. Quality
in trouble-shooting may not necessarily go with quality
of repair. In many jobs, particularly in avionics,

poor quality will probably go undetected, Supervisors
will probably be influenced by a strong halo effect.

Answer 3: They are 0.,K. I can‘'t suggest a better one
offhand but I would be interested to know how specific
subordinates "turned out.”

Answer 4; May be appropriate for research--oversimpli-
fied for the many jobs in aircraft maintenance.

Answer 5: MSEP data is currently used for this, ‘?
Are quantity and quality useful measures of performance?

Angwer 1; Definitely important inputs in the total
evaluation of the individual.

Answer 2: (I guess I started answering this above.)
Useful, but if they are to be the only measures, and the "
rater knows they are the only measures, they will
reflect far more than their titles, They will become
APR's,
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APPENDIX L [CONT.)

SURVEY ANSWERS

3. Are quantity and quality useful measures of performance”?
Answer 3: Yes.
Answer 4; Yes, although I am biased toward quality

based on my experience in Q.C., Organization measures
of performance are also important.

Answer 5: Yes-measures currently in use,

4., 49hich do you consider to be more important, quantity or ;
quality? 1

Answer 1: One can hardly be considered without th2 othar, v
Everything being equal, I would choose quality over
quantity.

Answer 2: Quality standards must be met in any jcb, {
regardless of juantity (speed). It is mors complicased .
than that, but "quality” comes first, q

Answer 3: Quality.
Answer L4: Quality (see £3),

Answer 5; Quality with the exception of wartime |
conditions--budget is also a factor.,

5. If one is more important than the other, can you indi:za<te
how much more important it is?

Answer 1: Quality is more important only to the degree |
that without quality maintenance the mission would be i
Jeopardized, i.e., safety, aborts, out-of.commission |
rates, etc.. Regardless of the amount of output, if |
it's not reliable the quantity would do little for

mission accomplishment, Quality is considerably more f
important, 4

Answer z: "Quality” is absolutely overriding in import-
ance, BUT "quality” is not an absolute, For axampla, if
a perfactly reliable "temporary fix" saves a mission no 3
one will fault the loss in quality over a lengzthy g
per~manent repair, The same component in the shop for {
overhaul would not be acceptable with the temporary fix.

Another example of the nebulous nature of quality =izht ;
be corrosion control, The Air Force, particularly .AC, |
want3 factory new paint jobs, The technician who does

2 by-the=book perfect job of inhibiting corrosion on -
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APPENDIX L (CONT.)
SURVEY ANSWERS

prominent panel may, by technical standards have
achieved quality, dbut by other standards, have done a
poor job,

Answer 3: Quality is by far more important in most
instances. Quantity, in my estimate, is more important
in a very few cases, probably in wartime, when battle
outcome may depend on speed. In such cases the decrease
in quality can only be tolerated in some areas, and is,
or should be, a calculated thing.

Answer 4: Quality is always more important with some
possible exceptions during wartime,

Answer §: No answer,
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APPENDIX K
Glossary

(Air Force 3ase).

(aerospace ground egquipment.., all enuloment reguiraet or
the ground to maxe a system operational in i1%ts intendzd

environment,

APR (Airmen Performance Ratingl!. An arnuil or cemiznrnusl
aporaisal of Alrmen,

consistent estimator, An estimazsar lg a congisgtant =sztimavtcr
of a2 varametar 1, with increazing samnls 3ize, the
croba®ility that the valus or taeo stasistic ig wvery ne-ar
$nat ¢ the parameter ne°IZomes 21032r ani closer o
nits,

2f7icilent estimazo Al RZS
2agzimator than anotihsr &
Sor tha2 same samnle size,

asvimator. A sta-is*tic obtained freom a2 szample to 237imazte =
noomulation oarameter, For ins<%ance, the samctlse maan Lo
A particularly zood astimator “or tha pornulation ~maan,

RS (Field Wainterance 3auadren). FU3 is resctoacinlo Tor
fabricaticn, enzine and aircrait sutsystem reyalr, inz
e
A loe

e

histogram.

teroscedastizity.
is not constant oY

The cas2 whers regressicn
rer all observaticns.

A graphical
distribution.

portrayal o a populazion

kurtosis., Iliore or less peaxed than a ncrmal disstrizutiosn,
TWICS {Mainterance Manazaement Informatisn ani Control
System). & tase level ﬂoﬂ,uter srstem desisgned %o imzrove
the 2ffectiveness of maintenanze orcanizations.
MSEZP (Maintenance Ctandardization and svaluaticn ircaran!.
A quantitative guality control program legimned to che oo
individual technical cemretencs and the juzlisy of
maintenance throuanh evaluations an? ingpectionc,
OM5 (Crzanizational laintenance Squadron;., (i35 is recronsiole
for aireraft launching and recovery ani inspections,
sitn i ! T e e T

i DB am




APPENDIX N (ZCNT.)

Glossary

non-rarametric test, A test which maxes no hypothesis aczcut
th2 value of a population parameter,

regression analvsis., An an:lysis which indicates Rhc

t2g ncw ¢cne 1
variable is related to another. It proviaes an sjuaticn
wharein the xnowsn value of one variable may be used to
estimate the unknown value o2f the other, It is distircs
frem correlation analysis, which indicates the degrez o
which two variacles are relatei,
s<zwad, A Doopulation is s«awei wnan Tnz mzan, nedil-n, and
mrie 45 n3*t ocincide ani Tno fraqysnz gurve rcag 3o "zilt
tavering otff tC one side,
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